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ABSTRACT 
MECHANISTIC AND SYNTHETIC ASPECTS OF THE PHOTOCHEMISTRY 
OF SPIRO-OXAZIRIDINES. -Author: -Graham Peter Johnson. 
The photo-rearrangements of certain spiro-oxaziridines 
derived from tetral-1-one have been investigated in order 
to establish the effect of competition between aryl and 
alkyl migration and to examine the photochemistry of these 
systems when the N-substituent suffers steric compression. 
A range of spiro-oxaziridines having the N-substituent 
in the syn- aryl or anti- aryl configuration have been 
converted to the corresponding lactams, either as mixtures 
of regie-isomers or single substances. 
It has been demonstrated that stereo-electronically 
controlled photo-rearrangements (migration of the bond 
anti- to the lone-pair of electrons on the nitrogen atom) 
occur when the N-substituent is anti- to the aromatic ring. 
Reduced regio-specificity of the photo-rearrangement of 
syn- spiro-oxaziridines suggests that the first formed 
N-0 bond cleaved species has a significant lifetime. 
The synthetic utility of the photo-rearrangement of 
the anti- aryl oxaziridine has been demonstrated by the 
preparation of a range of tricyclic, heterocyclic compounds, 
including pyrrolo-benzazepinones, pyrrolo-isoquinolinones 
and azeto-benzazepinones. The photo-products may have 
potential pharmacological activity. 
Some of the work contained in this thesis has previously 
been published, as detailed below: 
(1) Photochemistry of N-substituted Spiro-oxaziridines 
Derived from Tetralone-1. 
* G.P. Johnson and B.A. Marples , 
Tetrahedron Lett., 1984, 25, 3359. 
(2) Photo-rearrangement of Spiro-oxaziridines -
Applications in the Syntheses of Hexahydro-
5H-Pyrrolo-[2]Benzazepin-5-ones and a 
Tetrahydro-1H,5H-Pyrroloisoquinolin-5-one. 
* G.P. Johnson and B.A. Marples , 
Tetrahedron Lett., 1985, 26, 4115. 
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INTRODUCTION. 
The existence of oxaziridines (1) had been frequently 
postulated, but it was not until 1956 that the first syn-
thesis was reported by Emmons1 • Many studies have since 
been undertaken in order to investigate the unique physical 
and chemical properties of oxaziridines. 
RR'R"= H,Alkyl, Aryl 
1. Properties of oxaziridines. 
Oxaziridines are thermally and photochemically labile 
and have an unusually high barrier to inversion about the 
pyramidal nitrogen. The magnitude of this barrier is usually 
of the order of 30 kcal mol-l, but varies depending upon 
the substituents on the carbon and nitrogen atoms2 • For 
example, N-phenyl oxaziridines generally have a lower 
inversion barrier than theN-alkyl oxaziridines3 • 
Several factors have been suggested as reasons for the 
high barrier to nitrogen inversion. Ring strain seems to 
be important since oxaziridines invert more slowly than 
azetidines4. The electronegativity of the oxygen atom may 
increase the ~ character of the lone-pair of electrons on 
nitrogen and make the planar geometry of the transition 
state less easily attainable 5• The electrostatic repulsion 
of the lone-pairs of electrons on adjacent heteroatoms may 
increase as the molecule approaches the transition state. 
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These factors could also explain the high barrier to nitro-
gen inversion which has led to the isolation of the stable 
invertomers of N-chloroaziridines 6 • 
Diastereoisomers of oxaziridines have been resolved 
because of their configurational stability about nitrogen 
at ambient temperatures (Scheme 1). Boyd and co-workers 7 
demonstrated the presence of the cis- and trans-oxaziridines 
derived from the aldimine (2) and separated these isomers 
by chromatographic means. 
/R 
N Jlf'H 
N02 ( 2) 
i t R = Et, Pr , Bu 
Scheme 1. 
peracid 
trans-
Similarly, Torre and co-workers 8 oxidised the (R)-
imine (3) using m-chloroperbenzoic acid to give the dia-
stereoisomers (4) and (5) which were separated by column 
chromatography. Their absolute configurations were assigned 
by X-ray analysis (Scheme 2). 
Scheme 2. 
H Me H H 
'\.._,Ph "/ '~Ph ( ,,,( C, 
'x. / •• , 
Ph''' ' X' X / '• N •t, Me ''• M N N e 
11 mCPBA I 'a + l'o ( ~ c/ (~ /" /'\. /'-. Ph Ph Ph Ph Ph Ph 
(-)-R-(3) ( +) -( 2 R,cx R ) ( 4) (-)-(2Sp(R) (5) 
13°/o 87°/o 
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2. Methods of preparation. 
The two most widely used preparative methods for ob-
taining oxaziridines have been (a) the peracid oxidation of 
the corresponding imine (6), pioneered by Emmons1 and (b) 
the photochemical isomerisation of nitrones (?), first 
reported by Splitter and Calvin9 (Scheme 3). 
Scheme 3. 
Peracid 
( 6} 
hV 
2a. Peracid oxidation of imines. 
0 
R /' 
'c-N-R" 
R'/ 
The preparation of oxaziridines by the peracid oxida-
tion of imines has been investigated kinetically in order 
to distinguish between two possible mechanisms by which the 
reaction may proceed (Scheme 4). The proposed one-step 
mechanism (A) is analagous to that of the epoxidation of 
olefinic bonds. The proposed two-step mechanism (B) re-
sembles the Baeyer-Villiger oxidation of ketones to esters. 
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Scheme 4. 
One -step mechanism (A) 
R, /o, 
-•• /C-N-R" + R"'C02H 
R' 
Two- step mechanism (B) 
R 
' / 
R' 
C=N-R" + R"'C03H 
R 0 ,/, 
C-N-R" + / 
R' 
R"' CO H 2 
R 
I 
R'-C-NH-R" 
I 
OOCOR"' 
A possible free-radical mechanism has been rejected 
th b · f . t 1 .d lO It d t t d on e as2s o exper2men a ev2 ence • was emons ra e 
that the rate of oxidation of the imines was not affected 
by the addition of a radical trap or by uv light and no 
carbon dioxide evolution or induction period was observed. 
Madan and Clapp10 noted that the rate of oxidation of 
the imines by peracid was accelerated in the presence of 
organic acids or protic solvents and proposed that the TI 
electrons of the C=N bond attack the peracid oxygen nucleo-
philically to form the transition state (8). The acid or 
protic solvent (HA) was thought to stabilise the transition 
state (8) by an interaction with the peracid. The observed 
negative Hammett p value for substituted imines undergoing 
peracid oxidation was thought to be in accord with the 
electronic nature of the transition state (8). 
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X 
[~' C~ ~(H 
o-o::·.·········N 
...... ~ ' ,, ~ 
H .. H R 
'A·_... 
( 8) 
R = alkyl, aryl 
X= H, N02,Cl ,OMe 
HA = acid or protic 
solvent 
A similar catalysis by organic acids or protic solvents 
of the peracid oxidation of imines was observed by Ogata 
and Sawaki11 • A retardation in the rate of oxidation in the 
presence of basic solvents was also noted. 
Since the one-step peracid oxidation of olefins does 
not exhibit acid catalysis and the rate of oxidation is 
invariant with solvent, the analogy of the peracid oxidation 
of imines with this reaction was questionable. The strength 
of internal hydrogen - bonding within peracids is such that 
it would be unlikely to be destroyed by acids or protic 
solvents and as a result of these factors would be unlikely 
to affect the rate, if the proposed one-step process was 
operative. 
It seems more likely that the C=N bond behaves simi-
larly to a C=O bond and undergoes acid catalysed nucleo-
philic attack by the peracid. The observed negative Hammett 
p value may arise from the interaction between the imine 
(9) and HA (Scheme 5). This could account for the variation 
in the observed value of p with different concentrations 
of HA. 
The imine and peracid may form the intermediate adduct 
(10) which undergoes ring-closure to give an oxaziridine (1) 
- 6 -
by an SN. process. The rate of formation of the adduct (10) ~ 
is accelerated by acid catalysis. The retardation of the 
rate of oxidation of the imine by basic solvents could be 
explained simply by a lowering of the acidity of the system, 
thus reducing the concentration of (9) present. 
Scheme 5. 
R 
R' 
'c=N-R" + HA 
/ 
R 
I 
R R'' 
' / C=N / ~ ,, 
R' HA 
( 9 ) 
R'-C- NH -R" 
I 
OOCOAr 
( 10) 
R 
R R" 
' / C=N / ,,, 
R' ~HA 
( 9 ) 
R 
I 
R!.C-NH-R" + HA 
I 
OOCOAr 
( 10) 
'c-N-R" + ArC0 2H 
R( b/ 
( 1 ) 
The peracid oxidation of the 2-methoxy-azetines (11) 12 
provided direct experimental evidence in support of the two 
step mechanism. The Baeyer-Villiger type intermediate (12) 
was thought to be involved in the formation of the dihydro-
oxazole (13) (Scheme 6). 
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Scheme 6. 
mCPBA 
The hydroperoxide adduct (15) has been isolated by 
Hoft and Rieche13 • The reaction of the imine (14) with 
hydrogen peroxide gave the adduct (15) which was converted 
to the oxaziridine (16) on warming in an inert solvent 
(Scheme 7). 
Scheme 7. 
Q~-D 
OOH 
(14) ( 15) 
~N-D 
0 
( 16) 
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2b. Nitrone photolysis. 
The photo-cyclisation of nitrones to give oxaziridines 
in high yield is well known14 , despite the photo-labile 
nature of oxaziridines. Nitrones absorb at significantly 
longer wavelength than oxaziridines and in many cases it 
has been possible to perform selective photolyses and iso-
late the oxaziridine formed. 
The photo-cyclisation of pyrroline-1-oxide (17) and 
the peracid oxidation of pyrroline (18) were compared1 5 
and both were found to proceed stereo-specifically giving 
the trans (19) and cis (20) oxaziridines respectively 
(Scheme 8). 
R1 Scheme 8. 
Me M · 
Me/<.,_Nf'R 2 
el 0 ( 17) 
R1 
Me h A~ -1'•,,, R 2 
Me N-o 
( 19) 
trans-
R1 
~:~R2 
( 18) 
! peracid 
~ 
Me __ J--\ 
7'-... .. ,~·····R2 Me N ..... 0 
( 20) 
cis-
In contrast to the apparent stereo-specificity of the 
ring-closure of pyrroline-1-oxide (17), the photo-cyclisation 
of the aldonitrone (21) gave a mixture of stereo-isomers16 
(Scheme 9). 
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Scheme 9. 
ea R R R 
' / '· 
./ 
Ne do "N 'a dH hV dH --. H 
N02 N02 N02 
( 21} cis-(22) trans- ( 23} 
R =Me 43°/o 57% 
The generality of the stereo-specific nature of this 
photo-cyclisation was demonstrated by Splitter and Calvin17 
who re-examined the aldonitrone system (21) by photolysing 
at reduced temperatures. In cases where apparent non-specific 
ring-closure was observed, the authors suggested that the 
inversion of configuration of the nitrone can compete with 
the photo-cyclisation process and that the subsequent ring-
closure to the oxaziridine is stereo-specific. 
This was demonstrated by subjecting the aldonitrone 
(21) to partial irradiation studies in order to obtain the 
ratio of the cis and trans nitrone isomers at the photo-
stationary state. The quantum yields of the individual 
transformations taking place, nitrone inversion of stereo-
chemistry and stereo-specific ring-closure to oxaziridine 
(Scheme 10), were determined and showed that the efficiencies 
of these processes varied. A calculated ratio of isomers 
based on both the photostationary state and the quantum 
yields obtained, assuming stereo-specificity, was in good 
agreement with the ratio of cis and trans oxaziridine iso-
mers (22) and (23), obtained experimentally. 
eo R 
' / Ne 
ff'H 
NO 2 ( 21) 
( 23) 
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Scheme 10. 
hV 
R oe 
' /. N• dH 
N02 
( 22) 
The stereo-specificity of the photo-cyclisation of 
nitrones is predicted by orbital symmetry, which suggests 
that the lowest unoccupied molecular orbital of the nitrone 
would form a carbon-oxygen bond through a disrotatory motion, 
leading to an oxaziridine with the same configuration as 
the original nitrone under photolysis conditions (Scheme 11). 
Scheme 11. 
hV 
There are other less generally applied preparative 
methods of obtaining oxaziridines, included in these are 
the follo1ving: 
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2c. Reaction of ketone with N-methylhydroxylamine -o-
sulphonic acid. 
Schmitz and co-workers18 used N-methylhydroxylamine-
a-sulphonic acid in the presence of a base in order to pre-
pare oxaziridines from carbonyl compounds. Varying yields 
were obtained with this method and it is believed to involve 
the intermediate (24), which may undergo an SN. process to 
1 
form the oxaziridine product (Scheme 12). 
Scheme 12. 
c_oso 3
8 
0 e I CH 3NH-O-S03H 0 ""-.NMe )\ X OH 8 R R' R R' 
/ (24) 
0-NMe 
X 
R R' 
2d. Reaction of ketone with N-chloramine. 
A related preparation by the same author19 involves 
the reaction of chloramine with a carbonyl compound in the 
presence of base. The proposed intermediate (25) is similar 
to that suggested for the previous reaction (Scheme 12). 
Kobayashi20 employed this method in order to prepare 3,3-
pentamethylene oxaziridine (26), (Schemel3). These unsub-
stituted spiro-oxaziridines are too thermally unstable to 
- 12 -
be isolated, but can be stored at low temperatures in the 
form of a crude solution using non-protic solvents. 
Scheme 13. 
0 eQ\~9 0-NH 
6 OH 9 (5NH 0 • 
NH 2Cl 
( 25) ( 26) 
2e. Ozonolysis of olefin. 
Oxaziridines have been prepared from olefins21 by the 
action of ozone in the presence of an amine (Scheme 14). 
R R 
' / C=C 
/ ' R' R' 
Scheme 14. 
NH R" 2 
R o-0oH 
'c/' 
/ '·· R' NHR" 
/ ( 27) 
+ RR'C=O 
The C=C bond is cleaved during the reaction to give a car-
bonyl compound and the proposed intermediate (27), which 
resembles the intermediate (10), proposed by Ogata and 
Sawaki11 for the two-step peracid oxidation of imines 
(Scheme 5). The intermediate (27) may ring-close to give 
- 13 -
oxaziridine in yields of around 30%. 
2f. Molybdenum catalysed hydroperoxide oxidation of imines. 
This method involves the oxidation of an imine (6) 
using t-amyl hydroperoxide (HPTA) in the presence of molyb-
denum as a catalyst22 • The yields of oxaziridine (1) obtained 
were as high as 95% and the reaction is conveniently carried 
out in benzene (Scheme 15). 
Scheme 15. 
HPTA- Mo 
( 6) ( 1 ) 
3. Oxaziridine photochemistry. 
Oxaziridines are photo-labile and may react under 
photolytic conditions by two separate pathways, photo-
rearrangement and photo-fragmentation. These processes are 
of potential synthetic utility. 
3a. Photo-rearrangement. 
Oxaziridines undergo photo-rearrangement to give amides 
or lactams, often in good yield (Scheme 16). 
Scheme 16. 
hY R 0 I 11 
R -N-C-R 
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There has been an extensive study of the mechanistic 
* features of this reaction. A singlet state, n-.o transition 
is thought to be involved, since the photo-rearrangement is 
not affected by the presence of triplet-state quenchers and 
the formation of the rearrangement products is not promoted 
by the addition of sensitisers to the photolysis system. 
A radical mechanism for oxaziridine photo-rearrangement 
was proposed by Kaminsky and Lamchen23 • Experimental evidence 
was provided by Black and Watson24, who observed the re-
arrangement of the fused bicyclic system (28) derived from 
pyrroline. The ring contracted product (30) was thought to 
have been formed via a biradical intermediate (29) which 
would be produced after a homolytic cleavage of the N-0 
bond (Scheme 17). 
Scheme 17. 
4 hY 
( 28) 
( 30) 
r--VH 
~A 
N 0 
. 
(29) 
This mechanism however, could not explain the high 
regia-selectivity observed by Lattes and co-workers2 5 for 
the photo-rearrangement of spiro-oxaziridines derived from 
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a-substituted cyclic ketones (31). The formation of the 
major lactam product (33a) through a biradical intermediate 
(32), would necessitate the accomodation of the radical 
electron on the least substituted of the two possible carbon 
atoms (Scheme 18). 
A range of N-substituted spiro-oxaziridines (31) was 
photolysed by Lattes and co-workers26 , 27 and in all cases the 
rearrangement was regie-selective, the major product arising 
from the migration of the least substituted carbon-carbon 
bond. The regie-selectivity was unaffected by the nature of 
the N-substituent and the size of the ring. 
The N-substituent of the spiro-oxaziridines was assumed 
to be anti- with respect to the more highly substituted of 
the carbon atoms in the a-position to the spire-junction. 
The 13 C nmr spectra provided evidence for this proposa128 • 
It seems reasonable to assume that, in the 13 C nmr spectrum 
of the unsubstituted cyclohexanone derivative (34), the 
carbon atom which is anti- to the N-substituent (C-2) would 
be at lower field than the carbon atom which is syn-, owing 
to the shielding effect of the N-substituent on the latter. 
A comparison of the chemical shifts of the C-2 and C-4 
carbon atoms of (34) with those of the 2-methylcyclohexanone 
derivative (31), shows that the assignment of the config-
uration of a-substituted spiro-oxaziridines is correct 
(Scheme 19). 
The regie-selectivity of this photo-rearrangement was 
further demonstrated by the photolysis of the 8,8 1 -disub-
stituted spiro-oxaziridine derivatives of cyclohexanone, 
which reduces the substituent effect to a secondary level 
(Scheme 20) 26 • The diastereoisomers (35) and (36) could not 
- 16 -
Scheme 18. 
a o· 
(32) 
1 
95°/o 
( 33a) 
N-R 
. 
l 
( 33b) 
R = Me,Bz ,-C6H13 
n = 1, 2 
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be separated, but the ratio of the isomers could be deter-
mined by proton nmr spectroscopy. 
Scherne 19. 
13c NMR chemical shift data (pp m) 
R = -CH 2C6H5 (- 2 (-6 
-
R 
' . 
& ' I ( 31) 38.4 26.7 
... 
(34) 36.4 28.0 
The photolysis of this mixture of spiro-oxaziridine 
isomers gave a mixture of lactam regie-isomers (37) and (38). 
The ratio of these lactams suggested that the bond anti- to 
the lone-pair of electrons on the nitrogen atom was migrating 
regie-selectively. 
The stereo-selectivity of the photo-rearrangement was 
demonstrated by examining the spiro-oxaziridine derived 
from 2,6-dimethylcyclohexanone26 (39). The stereochemistry 
of the spiro-oxaziridine (39) was assigned on the basis of 
chemical shift data obtained from its proton and 13 C nmr 
spectra28 • The major isomer from the peracid oxidation of 
the corresponding imine was found to have the oxygen atom 
- 18 -
of the oxaziridine in the equatorial position. The methyl 
groups were positioned trans with respect to each other, 
one in the axial position and the other equatorial with 
respect to the carbocyclic ring. The N-substituent was found 
to be in the anti position with respect to the equatorial 
methyl group, a configuration which model studies demon-
strated should experience the least steric crowding. 
Scheme 20. 
N 
+ ~1\ 
(35) ( 36) 
R R 
><70 + -<10 
( 37) ( 38) 
Ratio of starting mat!rials and products 
R = Bz (35)1( 36) = 72/28 (37)/( 38) = 33/67 
R =Me (35) (36) = 60/40 (37)/{38) = 47/53 
The spiro-oxaziridine (39) was photolysed and gave a 
high yield of one of the two possible diastereoisomeric 
lactams (40) which was shown by analogy with previous work29 
to have the trans configuration (Scheme 21). In order to 
explain the high stereo-selectivity, the authors implied 
that the N-0 and C-C bond breaking processes of the photo-
rearrangement take place with a degree of synchronism. 
- 19 -
Scheme 21. 
hV 
(39) (40) 
R = Bz 
On the basis of the observed experimental results and 
on theoretical calculations30 , Lattes and eo-workers pro-
posed that the photo-rearrangement of spiro-oxaziridines 
* involves an n .. cr NO transition at which point the N-0 bond 
is broken, they suggested that the C-C bond is then cleaved 
after de-excitation to the ground state in what is a con-
tinuous process. 
The regia- and stereo-specificity of this process can 
be explained by a stereo-electronically controlled mechanism. 
The bond which lies anti- to the lone-pair of electrons on 
the nitrogen atom and also to one of the lone-pairs on 
oxygen, migrates preferentially to the bond which is syn-
to these lone-pairs. A similar stereo-electronically con-
trolled mechanism had been previously proposed for the 
hydrolysis of amides31 • The importance of this stereo-
electronic control in oxaziridine photo-rearrangements is 
increased by the fact that photo-inversion of the con-
figuration about the pyramidal nitrogen atom does not corn-
pete effectively with the migration of the substituent 
anti- to the nitrogen lone-pair. 
Definitive experimental evidence 32 was provided for 
this mechanism by the photolysis of the enantiomerically 
pure spiro-oxaziridine (41), the absolute configuration of 
- 20 -
which was determined by X-ray analysis. The photolysis of 
the spiro-oxaziridine (41) gave only the lactam (42) whose 
absolute configuration was also determined by X-ray analysis. 
This experiment elegantly demonstrated that the bond which 
is anti- to the lone-pair of electrons on nitrogen had mig-
rated during the rearrangement. It also removed the possible 
influence of substituent effects, as the two C-C bonds at 
the spire-junction differed only with respect to stereo-
electronic factors (Scheme 22). 
Scheme 22. 
h'V 
The regie-selectivity of the photo-rearrangement of 
oxaziridines which do not possess a spire-junction can also 
be rationalised by this approach. Both the ring contraction 
observed by Black and Watson24 (Scheme 17) and the regio-
selective photo-rearrangement of the monocyclic oxaziridine 
(43) 26 (Scheme 23), can be explained by a stereo-electronic 
controlled process. 
The irradiation of oximes to produce lactams or amides 
is known as the Photo-Beckmann reaction33. The mechanism 
of this reaction is believed to involve a spiro-oxaziridine 
intermediate33 . The oxime of 2-methylcyclohexanone (44) 
was photolysed and gave an equal mixture of the lactams 
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Scheme 23. 
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(47) and (48) 29. The lack of selectivity can be explained 
by the fact that the oxime (44) pre-isomerises to give both 
the cis and trans configurations. The two spiro-oxaziridines 
(45) and (46), which form as a result of the pre-isomeris-
ation, can then rearrange regie-selectively under stereo-
electronic control (Scheme 24). 
Scheme 24. 
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Oxaziridines rearrange to give amides or lactams 
under thermolysis conditions, but the reaction proceeds 
with a lower regie-selectivity than is observed for their 
photo-rearrangement. The yields of rearranged product are 
variable, but in general the thermal rearrangement of N-
arylspiro-oxaziridines34 produce higher yields than N-alkyl 
spiro-oxaziridines35 . The reduced regie-selectivity of this 
process may arise from the fact that the energy needed to 
affect rearrangement is sufficient to cause an inversion of 
configuration about the pyramidal nitrogen atom or that the 
thermal reaction is not subject to the same stereo-elect-
ronic control as the photo-rearrangement. 
The synthetic utility of the photo-rearrangement of 
spiro-oxaziridines remains largely unexplored, but the high 
yields and stereo-electronic control leading to regie-
selected products, suggests that the process could be 
applied to areas of heterocyclic synthesis. 
Such rearrangements contrast with alternative ·methods 
such as the Photo-Beckmann and Schmidt rearrangements, where 
mixed products are often reported36 • The Photo-Beckmann 
has already been discussed (Scheme 23). An example of the 
Schmidt and Beckmann rearrangements which do not proceed 
regie-specifically has been reported for those reactions 
of 4,8-dimethylindanone (49) (Scheme 25). 
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Scheme 25. 
Migration aptitude of ( 49) for Beckmann and Schmidt 
reactions 
0 BECKMANN 
96 SCHMIDT 
(49) 
3b. Photo-fragmentation. 
0/o Aryl 
migration 
34 
37 
0/o Alkyl 
migration 
66 
63 
0/o Yield 
(overall) 
48 
65 
Oxaziridines can undergo photo-fragmentation reactions, 
giving carbonyl compounds and nitrenes. Nitrenes are very 
reactive and will usually abstract hydrogen to form amines 
or dimerise to give azo-compounds (Scheme 26). 
Scheme 26. 
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Evidence that the formation of nitrenes occurs during 
oxaziridine photo-fragmentation has been submitted by Meyer 
and Griffin37• Irradiation experiments were carried out in 
order to trap the short-lived, reactive nitrene species. 
The irradiation of the N-phenylspiro-oxaziridine (50) in 
diethylamine and cyclohexylamine led to the formation of 
2-amino-3H-azepine derivatives (51) and (52), which were 
thought to have arisen from a reaction between the phenyl-
nitrene, formed by the photo-fragmentation process and the 
solvent. This idea was supported by the fact that the 
phenylazide (53) gave similar products upon photolysis in 
these solvents and is known to produce phenylnitrene under 
these conditions38 (Scheme 27). 
Scheme 27. 
h'V 
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The presence of a nitrene generated by the photo-
fragmentation of oxaziridines has also been demonstrated 
by Splitter and Calvin using spectroscopic methods39. The 
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photolysis of N-phenyloxaziridines at 77 K in CH2c12 / 
fluorolube solution produced an identical E.S.R. spectrum 
to that obtained when the ground state triplet nitrene was 
produced by the irradiation of phenylazide in fluorolube 
solution38 • 
The photo-fragmentation of oxaziridines is quenched by 
oxygen and sensitised by the presence of acetone, which 
suggests that the reaction proceeds through a triplet-state 
oxaziridine. It may be that when photo-fragmentation occurs, 
intersystem crossing of the singlet-state oxaziridine to 
the triplet state takes place more quickly than the photo-
reactions of the singlet-state. 
N-aryloxaziridines readily photo-fragment37,39, but 
the process is less favoured with N-alkyl compounds. 
Attempts to use N-alkyloxaziridines as a means of generating 
alkyl nitrenes were carried out4°. This method was un-
successful but could be improved by the use of photo-sensi-
tisers. 
4. Some synthetic applications. 
Prior to the start of this work, such synthetic appli-
cations were unexplored. Recently some applications of such 
rearrangements have been reported, one of which is discussed 
below. 
The Eburnane alkaloids and in particular vincamine 
(54), are thought to be pharmacologically active as anti-
hypertensive and sedative agents41 • There has been extensive 
study into their total synthesis. Langlois and co-workers42 
have investigated an approach to the synthesis of this 
system, which involved the photolysis of oxaziridines. 
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The authors attempted to synthesise the target molecule 
(59) which had been previously converted to vincamine by 
Oppolzer and co-workers43 (Scheme 28). 
This was achieved by preparing the spiro-oxaziridine 
(56) by the m-CPBA oxidation of the corresponding imine 
(55). The subsequent regie-selective photolysis of this 
compound gave the expected lactam (57) with the necessary 
structural features required for the synthesis of the target 
molecule (59). The Bischler-Napieralski cyclisation was 
carried out on the lactam (57) to give the immonium salt 
(58), which was converted by the reduction of the imine 
group and the modification of the R group to the target 
molecule (Scheme 28). A series of spiro-oxaziridines 
possessing N-substituents with a 8-aryl group were investi-
gated by Kuehne and Parsons44. Satisfactory yields of regie-
selectively rearranged lactam products were obtained which 
may have value in heterocyclic synthesis and further demon-
strates the possible synthetic potential of this method. 
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Scheme 28. 
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5. Proposed investigations. 
In the field of spiro-oxaziridine photochemistry, no 
systems have been examined where aryl migration may compete 
with alkyl migration and there are no examples of photo-
rearrangement where the N-alkyl group is subjected to steric 
compression. It is conceivable that stereo-electronic 
control may prove to be less rigorous under such conditions 
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and the purpose of this work was to investigate these 
factors. Additionally, it was intended to examine the use 
of the photo-rearrangement in the synthesis of novel 
heterocyclic systems. 
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CHAPTER ONE INVESTIGATIONS INTO THE PHOTOCHEMISTRY 
OF SPIRO-OXAZIRIDINES DERIVED FROM 
TETRAL-1-0NE (60a). 
In order to establish whether the regio-specificity 
of the photo-rearrangement of spiro-oxaziridines is main-
tained when the migration of an aryl group may compete with 
the migration of an alkyl group, the photochemistry of a 
range of spiro-oxaziridines derived from tetral-1-one (60a) 
~as investigated. 
The spiro-oxaziridines (62), were obtained from the 
peracid oxidation of their corresponding imines (61). The 
photolysis of these compounds gave mixtures of 1-benz-
azepin-2-one (63) and 2-benzazepin-1-one. (64) (Scheme 29). 
The observed ratios of the photo-products indicated that 
these spiro-oxaziridines did not always exhibit the high 
regia-selectivity previously observed with other systems32 . 
The tetral-1-one system (60) was selected for this 
work because the resultant spiro-oxaziridines (62) would 
possess the structural properties required for this investi-
gation. The parent compound is also commercially available. 
The synthesis of the 2-methyl derivative (60c) was 
attempted by heating tetral-1-one (60a) with an equimolar 
quantity of methyl iodide in the presence of potassium 
t-butoxide in t-butano1 45 • The resultant mixture consisted 
of starting material (60a), monomethylated product (60c) 
and dimethylated product (60d). The separation of these 
compounds proved difficult and the isolated yield of the 
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required product (60c), was consequently poor. 
Scheme 29. 
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A more successful synthesis of 2-m~thyltetral-1-one 
(60c) was achieved using the method of Cainelli and co-
workers46. The treatment of tetral-1-one (60a) with form-
aldehyde, in the presence of a reducing mixture of iron 
pentacarbonyl and potassium hydroxide, gave the required 
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product in 73% yield, after purification by distillation~ 
A yield of 73% was a significant improvement on that 
reported by Rae and Umbrasas47 for this particular proc:ss 
and ~as achieved by acidification of the reaction mixture 
prior to extraction of the product with diethyl-ether. This 
has the effect of breaking down the iron-based complexes 
present and facilitating an efficient extraction. 
The mechanism of the methylation is thought to involve 
the formation of an a,B-unsaturated ketone (65), which is 
formed by the base catalysed condensation of formaldehyde 
with tetral-1-one (60a). The intermediate (65) is then 
reduced in-situ by KHFe(Co) 4 , which is generated under the 
reaction conditions (Scheme 30). 
Scheme 30. 
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This mechanistic proposal is consistent·with the fact 
that the procedure is unreactive towards methine groups 
adjacent to a carbonyl function. Methine groups are not 
capable of forming intermediates such as (65) and as a 
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result, this preparation produces only the monomethylated 
product (60c). 
The preparation of 2,2-dimethyl-tetral-1-one (60d)48, 
was achieved by the exhaustive methylation of tetral-1-one 
(60a), using excess methyl iodide in the presence of 
potassium t-butoxide in t-butanol (Scheme 31). The di-
methyl ketone (60d) was obtained in 55% yield after puri-
fication by distillation. 
Scheme 31. 
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Once the required ketones were prepared, a range of 
derivatives containing an imine function were then syn-
thesised (Scheme 32, Table 1). 
The acid catalysed preparation of imines49, involving 
the condensation of a primary amine with a carbonyl corn-
pound, in the presence of para- toluene sulphonic acid 
(p-TSA) and using a Dean and Stark water trap, was used to 
prepare the imines (6lb), (6lc) and (6ld). The carbonyl 
function in these examples·was not sterically hindered. 
The amines used in these cases, butylamine and benzylamine, 
were sufficiently involatile to be used under standard 
conditions in which the water of reaction is removed by 
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azeotropic distillation. Essentially quantitative yields 
were obtained by this method, after purification by 
distillation. 
Scheme 32. 
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TABLE 1. Imine derivatives prepared. 
COMPOUND Rl R2 R3 R4 
6la H H H Me 
6lb H H H nBu 
6lc H H H Bz 
6ld H H OMe nBu 
6le Me H H nBu 
6lf Me Me H nBu 
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The presence of a methyl substituent in position 2 of 
the tetral-1-one derivative greatly reduced the effective-
ness of the azeotropic distillation method. This presu~ably 
arises because of steric hindrance by the substituent in 
position 2, which impedes the attack of the nucleophilic 
amine on the carbonyl group. It was necessary therefore, to 
use more forcing conditions for derivatives with substitu-
ents in position 2. This was achieved using titanium tetra-
chloride (TiC1 4)
50
, which acts both as a Lewis acid cata-
lyst and a water scavenger during the reaction. The presence 
of TiC1 4 enabled the imines (6le) and (6lf) to be prepared 
in good yields at ambient temperatures. 
The use of TiC1 4 as a catalyst has been reported to 
be particularly effective in the preparation of imines 
derived from sterically hindered carbonyl compounds 51 • 
The stoichiometric relationship between TiC1 4 and ~he other 
reactants in imine preparations is given in the following 
equation. 
2 R1R2C=O + 6 R3NH2 + TiC1 4 
2 R1R2C=NR3 + 4 NR 3H2HC1 + Ti02 
TheN-methyl derivative (6la), could not be prepared 
by either of the two methods previously discussed because 
of practical difficulties owing to the fact that methyl-
amine is gaseous. However, the compound (6la) was obtained 
using a procedure which has been used to prepare the N-
methylimine of acetophenone. This method involved the 
reaction of the carbonyl compound with N-methylhexamethyl-
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disilazane at high temperature and pressure in the 
presence of catalytic quantities of zinc and cadmium52 • The 
N-methylimine (6la) was thus prepared in essentially qu~n­
titative yield after purification by distillation. 
The intermediate (66) was proposed for this reaction52 
and arises from a nucleophilic attack by the nitrogen atom 
of the disilazane reagent on the carbonyl function. 
Substances such as zinc or cadmium are necessary for 
this process (Scheme 33), since the authors report no 
reaction in the absence of these catalysts. 
Scheme 33. 
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This method can be adapted to prepare imines with 
various N-substituents by using the appropriate N-sub-
stituted disilazane reagent and has already been used to 
prepare N-H and N-phenyl compounds52 • 
The imines (61) displayed a characteristic absorption 
6 -1 ea 1 30 cm in their infra-red spectra, corresponding to 
TABLE 2. 13 C nmr data for tetral-1-ones and the derived imines. 
COMPOUND C-1 C-2 C-3 C-4 C-5 C-6 C-7 . C-8 
tetral-1-one * 197.90 39.07 23.29 29.60 126.98 133.29 126.49 128.74 
6-methoxytetral-1-one 196.93 38.93 23.40 30.18 113.17 163.74 112.73 129.57 
2-methyltetral-1-one 200.70 42.64 31.44 28.81 127.44 133.18 126.62 128.86 
2,2-dimethyltetral-1-one 202.73 41.44 36.47 25.53 127.88 132.86 126.51 128.59 
6la 165.71 27.12 22.31 29.63 126.35 129.52 125.47 128.31 
6lb+ 163.74 27.66 22.74 29.96 126.34 129.46 125.86 128.32 
6lc 164.89 27.99 22.47 29.63 126.40 129.63 125.96 128.26 
6ld 163.25 27.50 22.80 30.23 112.84 160.85 112.46 127.66 
6le 167.35 28.92 24.44 29.09 126.46 129.46 126.24 128.54 
6lf 170.58 39.48 37.84 26.52 128.65 128.15 128.65 124.38 
* Chemical shifts assigned by Senda and eo-workers 53. 
+ Corrected from assignments in previously published work 54 
TABLE 2. (cont) 13 C nmr data for tetra1-1-ones and the derived imines. 
COMPOUND C-4a C-8a (l 8 y 0 R1 R2 R3 
tetra1-1-one 144.39 132.56 
6-methoxytetra1-1-one 147.07 126.46 55.38 
2-methy1tetra1-1-one 144.23 132.47 15.42 
2,2-dimethy1tetra1-1-one 143.20 131.38 24.17 24.17 
61a 140.13 134.77 38.11 
61b 140.29 135.26 50.79 33.40 20.94 14.05 
61c 140.40 134.82 54.34 
61d 141.98 128.43 50.57 33.51 20.94 14.11 55.11 
61e 139.03 133.95 50.03 33.73 20.88 14.10 15.20 
61f 141.11 130.56 52.65 34.17 20.12 13.62 26.35 26.35 
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a C=N stretching absorption band. 
The stereochemistry of these systems was assigned on 
the basis of their 13 C nmr spectra (Table 2). 
The expected configuration in which the N-alkyl group 
is anti- to the aromatic ring was found to be present in 
all cases except the 2,2-dimethyl derivative (6lf). The 
signals observed for the ~-2 carbon atoms of the anti-
isomers are at a significantly higher field than in the 
correspondong ketones. This is attributed to the shielding 
effect exerted on this carbon atom by the anti- N-alkyl 
group. 
Molecular model studies suggest that the N-alkyl group 
of the imines experience less steric compression in the 
anti- configuration. The N-alkyl group in the syn- configu-
ration would experience a significant steric interaction 
with the peri- hydrogen (HA) on the aromatic ring. A steric 
interaction between the N-alkyl group and the methyl sub-
stituent in the 2-methyltetral-1-one derivative (6le), can 
be avoided by the spacial adjustments between two possible 
half-chair conformations of the saturated ring. The imine 
(6le) can avoid severe steric compression by adopting the 
conformation (ii) rather than the conformation (i) (Scheme 
34). This allows the anti- configuration to be the pre-
ferred orientation for this compound. 
R Scheme 34. 
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The syn- stereochemistry of the imine derived from 
2,2-dimethyltetral-1-one (6lf) was established from the 
C-2 signal at 639.48 in the 13 C nmr spectrum. This low-field 
chemical shift does not arise because of the quaternary 
nature of this carbon atom, since a comparison of the si~nals 
for the quaternary C-2 carbon atom of 2,2-dimethyltetral-
1-one (60d) and the C-2 carbon atom of tetral-1-one (60a), 
reveals only a small difference in chemical shift of 62~4 
(Table 2). A more likely reason for the low-field C-2 signal 
is the absence of a shielding effect by the N-alkyl group 
which has the syn- configuration. 
This proposal is supported by molecular model studies 
which demonstrate a greater steric interaction between the 
anti- N-alkyl group and one of the two methyl substituents 
in position 2, than that which would exist between the syn-
N-alkyl group and the peri- hydrogen (HA). The greater 
steric compression of the N-alkyl group in the anti- con-
figuration of the imine (6lf), results in the syn- stereo-
chemistry being preferred. Conformational chariges in the 
saturated ring do not allow the relief of the anti- N-alkyl 
methyl steric interaction in this case. 
The imines (6la-f) were all susceptible to hydrolysis 
by adventitious moisture and consequently had to be handled 
and stored under anhydrous conditions to avoid conversion 
to the starting ketones. 
The oxidation of the imines (61) by peracid in dry 
dichloromethane was carried out under an atmosphere of 
nitrogen and at reduced temperatures. The peracid used for 
these oxidations was meta- chloroperbenzoic acid (m-CPBA) 
as it was both effective and commercially available. In 
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order to remove meta- chlorobenzoic acid (m-CBA), which is 
present as an impurity in the m-CPBA reagent and is formed 
as a by-product of the reaction, sodium hydrogen carbonate 
was suspended in the dichloromethane as a buffer. This 
method is adapted from the procedure reported by Paquette55 
for the oxidation of acid sensitive compounds. 
In all cases, the major isomers produced were those in 
which the N-substituent is located in the syn- configuration 
-
relative to the aromatic ring. The syn : anti ratios of the 
spiro-oxaziridines prepared are presented in Table 3. 
syn- anti-( 6 2) 
TABLE 3. Stereo-selectivity of spiro-oxaziridine formation. 
COMPOUND SYN . ANTI OVERALL YIELD (%) . 
-
62a 85 . 15 46 . 
62b 80 . 20 54 . 
62c 70 . 30 44 . 
62d 100 . 0 42 . 
62e 100 . 0 53 . 
62f 100 . 0 58 . 
Attempts to prepare the spiro-oxaziridines (62) using 
other reported solvent systems for the oxidation reaction, 
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such as dichloromethane : ethanol and benzene44, did not 
prove to be as successful as the use of dichloromethane 
NaHco3 , which was consequently used routinely. 
The configurational isomers of the spiro-oxaziridines 
(62) were isolated as oils by preparative thin-layer 
chromatography (tlc). 
The stereochemistry of the isolated isomers was 
assigned, like the imines (61), on the basis of their 13 C 
nmr spectra (Table 4). In cases where both the syn- and 
anti- isomers were obtained, the two configurations were 
distinguished by a comparison of the values of the chemical 
shifts obtained for the C-2 and C-8a carbon atoms. The 
spiro-oxaziridines which exhibit a relatively high-field 
signal for the C-8a carbon atom, were assigned the syn-
............ 
stereochemistry because of the apparent shielding effect on 
this position by the N-alkyl group. The anti- spiro-oxa-
ziridines give a relatively high-field signal for the C-2 
carbon atom, which again arises from shielding by the N-
alkyl group on this position. 
The C-1 quaternary carbon atom also shows a trend in 
chemical shift values. The syn- isomers give a low-field 
signal for this carbon atom (ea 5ppm) relative to that for 
the anti- isomers. 
Only the syn- isomer of each of the spiro-oxaziridines 
(62d-f) was isolated. The syn- configuration was assigned 
from the chemical shifts of the C-1, C-2 and C-8a carbon 
atoms, which were similar to the corresponding signals for 
the syn- spiro-oxaziridines (62a-c), whose stereochemistry 
had been previously assigned. The unusual C-8a chemical 
shift of the 6-methoxy derivative (62d), is readily ex-
TABLE 4. 13 C nmr data of the spiro-oxaziridines (62). 
COMPOUND C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 
62a (syn) 84.47 33.40 21.10 28.70 129.19 127.50 128.91 124.87 
62a (anti) 79.44 26.57 21.65 29.58 128.91 126.84 128.21 126.51 
62b (syn) 84.09 33.46 20.94 28.65 * 129.08 127.22 128.81 124.82 
62b (anti) 79.17 26.68 21.81 29.63 128.86 127.17 128.15 126.51 
62c ( syn) 84.52 33.13 20.72 28.37 129.25 127.17 128.86 124.90 
62c (anti) 79.66 26.95 21.81 29.58 129.03 127.33 128.21 126.57 
62d (syn) 84.10 33.80 21.10 29.10 113.78 160.35 110.82 128~81 
62e (syn) 85.78 34.72 29.41 28.54 128.92 127.28 128.92 124.54 
62f (syn) 87.85 34.62 34.69 25.62 128.68 128.06 128.57 124.63 
* The assignments are corrected from the values reported in the literature54. 
TABLE 4 (cont.). 13 C nmr data of the spiro-oxaziridines (62). 
COMPOUND C-4a C-8a a 13 y 0 Rl R2 R3 
62a (syn) 141.49 130.17 40.79 
62a (anti) 140.51 134.38 41.00 
(syn) * 62b 141.22 130.78 52.70 29.96 20.39 13.78 
62b (anti) 140.40 134.77 53.80 30.73 20.67 13.94 
62c (syn) 141.66 130.78 57.24 
62c (anti) 140.52 134.30 57.95 
62d (syn) 142.91 122.79 52.60 29.50 20.50 13.80 55.20 
62e (syn) 140.84 131.71 52.21 29.74 20.39 13.78 13.39 
62f (syn) 140.49 130.37 52.31 29.76 20.40 13.78 21.61 23.36 
* The assignments are corrected from the values reported in the literature54. 
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plained by the shielding effect of the para- methoxy group 
on this carbon atom. 
Molecular model studies of the syn- and anti- configu-
rations of the spiro-oxaziridines (62) reveal that, in the 
absence of a substituent in position 2, the N-alkyl group 
experiences greater steric compression in the syn- configu-
ration. In order to rationalise the observed syn- selec-
tivity of the spiro-oxaziridine formation for these systems, 
it is necessary to assume that the peracid oxidation mech-
anism involves the intermediate adduct (67), resulting 
from a two-step process. 
The ring-closure of this intermediate requires a 
conformation in which the nitrogen lone pair of electrons 
and the C-N and C-0 bonds are peri- planar (67a). 
,, .. H 
(N~:(j 
Ar~~ 
(o ( 67a) 
An examination of some possible conformations of the 
intermediate (67) using molecular models, suggests that 
each experiences a degree of steric compression (Scheme 35). 
The N-alkyl group in the half-chair conformation (a) 
suffers a considerable steric interaction with HX and 
similarly, an interaction with Hy occurs when the inter-
mediate has the conformation (b). Subsequent ring-closure 
of both of these half-chair conformers results in the 
spiro-oxaziridine products having the anti- configuration. 
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Scheme 35. 
Possible conformations of the intermediate (67) 
leading to the spiro-oxaziridines (62). 
R1 
H-....,·· ~H N~HH 
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The N-alkyl group in the conformation (c) is in close 
proximity with the peri- hydrogen (HA) on the aromatic 
ring. This presents a steric barrier raising the energy 
required for ring-cl~sure through this conformation. 
The conformation (d) apparently exhibits little steric 
crowding and for this reason, appears to be the most 
favourable orientation of the intermediate (67). Subsequent 
ring-closure of this conformation leads to the syn- spiro-
oxaziridine. This may explain the observed syn-selectivity 
of the oxidation products. 
The steric interactions of the N-alkyl group of the 
intermediate (67) in the conformations (a) and (b) appear 
to be significantly increased by the presence of a bulkier 
substituent at position 2, hence the complete syn- selec-
tivity of formation of the spiro-oxaziridines (62e) and 
(62f). 
The observed complete syn- selectivity for the forma-
tion of the 6-methoxy derivative (62d), cannot readily be 
explained. This compound was found to be the least stable 
of the spiro-oxaziridines prepared, decomposing even at 
reduced temperatures and under an inert atmosphere. This 
may suggest that the anti- isomer was not observed because 
of the intrinsic instability of this compound and that the 
observed~ : ~ ratio is artificially high for this 
particular analogue. 
The preferential formation of the more sterically 
compressed isomer of the spiro-oxaziridines studied, lends 
further support to the two-step mechanism for the peracid 
oxidation of imines, earlier reported by Ogata and Sawaki 
11 
• It is difficult to rationalise these results on the 
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basis of the one-step process proposed by Madan and Clapp10 • 
The syn- spiro-oxaziridines (62b) and (62c) were 
thermally converted to the corresponding anti- isomers by 
refluxing in toluene. The conversions obtained were as high 
as 50%. Attempts to carry out the reverse process using 
the same conditions gave only the starting material in 
reduced quantities, together with thermal decomposition 
(Scheme 36). 
Scheme 36. 
Thermal inversion of~ spiro-oxaziridine (62). 
R1 R1 
c60 / /:l110°( o:S~ I • I ~ 1 hr ~ 
(~) 4 )( (anti) 
The conversion of the~ to anti- configuration may 
involve an inversion process about the pyramidal nitrogen 
atom. That this inversion of configuration does occur 
suggests that the syn- isomer is the kinetically preferred 
product and that the anti- spiro-oxaziridines unsubstituted 
at position 2, (62a-d), are thermodynamically more stable. 
The energy barrier to thermal inversion of the syn-
configuration is probably lowered by the relief of the steric 
compression experienced by the N-alkyl group. The inversion 
barrier has been previously demonstrated to be of the order 
-1 2 
of 30 kcal mol • 
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The thermal inversion of the syn- isomers of the 2-
methyltetral-1-one derivative (62e), did not take place. 
The compound decomposed after sustained heating, demon-
strating that the methyl substituent in position 2 increases 
the energy barrier to inversion with the result that 
decomposition reactions compete effectively. 
The ultraviolet (uv) spectra of the spiro-oxaziridines 
all gave an absorption band having Amax values of around 
267 nm and 274 nm. The extinction coefficients of these 
absorptions were found to vary in value between 500 and 
1000 and were not very reliable because the compounds were 
too unstable to isolate in very high purity. The uv absorp-
tion bands are thought to arise from an n~o* transition3°. 
In accordance with the A values, the photolyses of 
max 
the spiro-oxaziridines were carried out using a low-pressure 
mercury-arc lamp in a water cooled quartz reactor. The 
lamp emits radiation mainly at 254 nm and was therefore 
suitable for these photochemical experiments. The solvent 
used for the photolyses was routinely ethanol. This had 
been previously used successfully in a study of the photo-
lysis of certain steroidal spiro-oxaziridines by other 
workers in these laboratories 56 • The use of ethanol as a 
solvent for photochemical processes allows the course of 
the reaction to be conveniently monitored by uv spectro-
scopy. A 0.2% ethanolic solution of the spiro-oxaziridine 
was generally used and the photolysis time was at least 
twenty-four hours, the reactions being followed by both 
qualitative tlc and uv spectroscopy. 
The irradiation of the spiro-oxaziridines under these 
conditions gave, in all cases, either one or both of the 
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ring-expanded lactams produced by photo-rearrangement 
(Table 5). 
TABLE 5o Lactam rearrangement products from spiro-
oxaziridine photolysis. 
Spiro- Total yield Relative yield 
oxaziridine of lactam of lactams 
mixture (%) ( 63) 0 ( 64) . 
62a (syn) 11 50 . 50 . 
62a (anti) 13 4 . 96 . 
62b (syn) 28 77.5 . 22.5 0 
62b (anti) 25 0 . 100 0 
62c (syn) 27 61 . 39 . 
62c (anti) 22 0 . 100 . 
62d (syn) 20 70 0 30 . 
62e (syn) 31 52 . 48 . 
62f (syn) 10 100 : 0 
a, Rl, R2, R3 = H, R4 = Me 
b, Rl, R2, R3 = H, R4 = n-Bu 
c, Rl, R2, R3 = H, R4 = Bz 
d, Rl, R2 = H, R3 = OHe, R4 = n-Bu 
e, Rl = Me, R2, R3 = H, R4 = n-Bu 
f, Rl, R2 = Me, R3 = H, R4 = n-Bu 
These products were either mixtures of the regia-isomers, 
1-benzazepin-2-one (63) and 2-benzazepin-1-one (64) or 
single substances (Scheme 37). The photo-products were 
isolated by preparative tlc on silica gel. In cases where 
- 50 -
preparative tlc did not separate the regie-isomeric mixtures 
reverse phase high performance liquid chromatography (RP 
HPLC) was used. All the lactams were satisfactorily char-
acterised. The yields quoted in Table 5 are total isolated 
yields of the mixed lactams. The other products from these 
photolyses included small amounts of the tetral-1-one and 
complex mixtures, the resolution of which was not possible 
by chromatographic means. 
Scheme 37. 
hV + 
• 
(62) 
When cyclohexane was used as the solvent in place of 
ethanol for the photolysis of the syn- spiro-oxaziridine 
(62b), the yield of the lactams was significantly lower, 
although the isomeric ratio was comparable. Cyclohexane 
was the solvent employed by Lattes and eo-workers for some 
h t 1 t . t d" f t . . .. d" 26 b t p o o y 1c s u 1es o cer a1n sp1ro-oxaz1r1 1nes , u 
was evidently not the ideal solvent for these investigations. 
The ratios of the lactam mixtures were obtained by 
gas-liquid chromatography (glc). It was demonstrated for 
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the lactams (63b) and (64b) and for the lactams {63d) and 
(64d), that the glc detector system (FID) responded 
equally for regie-isomers. 
Accordingly, the figures presented in Table 5, which 
were obtained from an on-line integrator, may be taken.as 
meaningful. The pure samples of (63b) and (64b) were 
obtained by preparative HPLC. However, to avoid this diffi-
cult and tedious operation, (63d) and (64d) were obtained 
from the lactams (69) and (70), which were readily separated 
from each other by preparative tlc (Scheme 38). 
Scheme 38. 
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The lactams (69) and (70) were readily available from 
the Beckmann rearrangement of the oxime (68) 57 • This oxime 
(68) was obtained from the reaction of 6-methoxytetral-1-
one (60d) with hydroxylamine hydrochloride in 90% yield. 
The Beckmann rearrangement of (68) was achieved by 
heating at 130°C in polyphosphoric acid. An 80% yield of a 
mixture of the N-substituted lactams (69) and (70) was 
obtained in a ratio of 3 : 2. The isolated lactams which 
were separately N-alkylated using n-butyl iodide in the 
presence of sodium hydride 58 , gave the required products 
(63d) and (64d), both in 60% yield after purification by 
preparative tlc. 
A similar application o£ the Beckmann rearrangement 
to provide (63b) and (64b) is not practicable, since the 
rearrangement of the oxime leads very largely to the benz-
azepin-2-one system36 • 
The infra-red spectra of the lactams allowed distinc-
tion between the regie-isomeric systems. The carbonyl 
absorption band of the 1-benzazepin-2-one systems (63) was 
-1 always ~ 20 cm greater than the corresponding value for 
the 2-benzazepin-1-one (64) owing to the conjugation of 
the carbonyl group with the aromatic ring in the latter 
compounds. 
The photochemical results presented in Table 5 
indicate that the anti- spiro-oxaziridines rearrange almost 
completely regie-selectively. The alkyl group at the spire-
junction, which is anti- to the lone pair of electrons on 
the nitrogen atom migrates preferentially, as has been 
reported for other spiro-oxaziridine systems32 and is 
presumably subject to stereo-electronic control. 
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The syn- spiro-oxaziridines however, do not show the 
........... 
same high degree of regie-selectivity. 
With the exception of the dimethyl analogue (62f),, 
the products of both aryl and alkyl migration were obtained 
in these photolyses. 
The results cannot be explained by the photolytic or 
thermal inversion of the nitrogen atom to give a mixture 
of syn- and anti- spiro-oxaziridines prior to rearrangement, 
since examination of the products of the partial irradiation 
of the ~ spiro-oxaziridine (62b) did not indicate the 
presence of any of the anti- isomers, either by tlc or 
spectroscopic analysis. 
This lack of regie-selectivity and the apparent 
absence of any pre-inversion of configuration during the 
photolysis of the~ spiro-oxaziridines, brings into 
question parts of the theory of the mechanism of the spiro-
oxaziridine rearrangement. Lattes and co-workers26 suggested 
that the migrating C-C bond is already breaking before the 
cleavage of the N-0 bond is complete during the rearrange-
ment, implying a synchronistic process. The results of our 
investigation suggest however, that the first formed N-0 
bond cleaved species (71), may have a sufficient lifetime 
to rotate (invert) to give the intermediate species (72) 
in which the group originally~ to the nitrogen lone-
pair may migrate. The rearrangement and the rotation pro-
cesses may compete at similar rates, resulting in a mixture 
of regie-isomers. 
The inversion described in Scheme 39, probably takes 
place in the syn- configuration rather than the anti-
owing to the steric compression experienced by the N-alkyl 
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group in the ~ configuration. 
Scheme 39. 
(72) 
The dimethyl analogue (62f), exhibits complete regio-
selectivity, rearranging under apparent stereo-electronic 
control. The inversion of the N-0 bond-cleaved species in 
this case would subject the N-alkyl group to considerable 
steric interaction with one of the two methyl substituents 
in position 2, a factor which may be responsible for the 
observed regio-specificity of the rearrangement. 
These findings demonstrate that a theory of stereo-
electronic control determining the path of the spiro-oxaz-
iridine photo-rearrangement, may have some limitations. 
Clearly, when the migrating group is aryl and the N-alkyl 
group suffers steric compression, the resultant mixture of 
regie-isomeric products does not suggest that such a control 
process is operative. 
These observations may be of value to future syn-
thetic investigations which include a regie-selective photo-
rearrangement of this type as a part of a synthetic stra-
tegy. In particular, the regie-selective rearrangement of 
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the anti- spiro-oxaziridines (see Chapter 4). 
As a result of these studies a preliminary repor't 
has already been published in the literature54 • 
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CHAPTER TWO THE PHOTOCHEMISTRY OF THE N-BUTYL-
SPIRO-OXAZIRIDINE (75) DERIVED FROM 
INDAN-1-0NE (73). 
The compound (75) was prepared in order to examine 
the photochemistry of a spiro-oxaziridine system possessing 
a five-membered ring at the spiro junction. It was of 
interest to compare the photochemistry of this type of 
system with those examined in Chapter 1 (Table 2). 
To this end, the imine (74) was prepared via the 
condensation of n-butylamine with indan-1-one (73), in the 
presence of a catalytic amount of p-TSA. The water of 
reaction was removed by azeotropic distillation and in this 
way, the imine (74) was ob~ained in essentially quanti-
tative yield, after purification by distillation. 
The treatment of the imine (74) with m-CPBA in dichloro-
methane, in the presence of sodium hydrogen carbonate as a 
buffer, led to a thermally unstable mixture. The crude 
oxidation product decomposed rapidly and exothermically at 
temperatures above 0°C to leave a black tar, the analysis 
of which showed an absence of spiro-oxaziridine. With 
careful handling, the spiro-oxaziridine (75) was isolated 
from the oxidation mixture by preparative tlc on silica 
gel in 10% yield (Scheme 40). 
The infra-red spectrum of the imine (74) included a 
typical absorption band (vmax 1660 -1 cm , C=N- ). The 
configurations of the imine (74) and the spiro-oxaziridine 
(75) were assigned on the basis of their 13 C nmr spectra 
(Table 6). 
(73) 
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Scheme 40. 
n-butylamine 
p-TSA 
_......nBu 
N 
~ 
~CPBA 
(74) 
(75) 
The imine (74) was assigned the anti- configuration 
because the signal assigned to the C-2 carbon atom was at 
significantly higher field than the signal for the C-2 
carbon atom of the parent ketone (73). The difference in 
chemical shift probably results from the shielding effect 
exerted on this position in the imine (74) by the N-alkyl 
group. The signal assigned to the C-7a carbon atom of the 
imine (74), is at lower field than the corresponding signal 
for the parent ketone (73), showing the absence of shielding 
effects by the N-alkyl group on this position. 
The spiro-oxaziridine (75), was assigned the syn-
configuration because the signal assigned to the C-2 carbon 
atom is at lower field than the corresponding signal for 
the C-2 carbon atom of the imine (74). This factor 
together with the high field signal for the C-7a carbon 
TABLE 6. 13 C nmr spectral data of indan-1-one (73), the imine (74) and the spiro-oxaziridine (75). 
o ppm 
COMPOUND 1 2 3 3a 7a a s y 0 
* (73) 206.89 36.20 25.80 155.14 137.14 
(74) 172.93 32.67 27.39 148.90 139.60 53.20 27.67 20.45 13.62 
(75) 92.18 34.77 30.12 147.40 134.99 54.02 27.77 20.45 13.83 
*data previously reported for this system59 . 
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atom of the spiro-oxaziridine (75), in comparison to the 
C-7a carbon atom signal for the imine (74), supports the 
assignment of stereochemistry. 
The signal at 692.18 in the 13 C nmr spectrum obtained 
for the spiro-oxaziridine (75) was assigned to the 
quaternary spire-carbon atom. This is not comparable to 
the signals obtained for the spire-carbon atoms observed 
in Chapter 1 (Table 4) and as a rAsult, does not provide 
any stereochemical information. However, the low-field 
position of this signal supports the assignment of the 
spiro-oxaziridine structure. 
The formation of the syn- spiro-oxaziridine (75), may 
be rationalised by the same argument used to explain the 
stereochemistry of the peracid oxidations previously 
described (Chapter 1). 
A two-step process is again implied which passes 
through the intermediate (76a). TheN-alkyl group can 
apparently avoid significant steric compression at this 
stage by adopting the conformation (76b) which, upon ring-
closure, leads to the syn-isomer. 
0 
11 
nBu-NH 0-0-CAr 
~ 
(76a) 
I 
NH 
/ 
nBu 
(76b) 
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No evidence for the existence of the anti- spire-
oxaziridine was obtained. The apparent absence of this 
isomer from the oxidation mixture may arise because of its 
decomposition rather than a completely stereo-selective 
oxidation. 
Two other compounds were isolated from the oxidation 
mixture. These were indan-1-one (73), recovered in 12% 
yield and a compound which was identified as 2-hydroxy-
indan-1-one (77) 60 , obtained in 11% yield. 
The latter compound gave two characteristic absorption 
-1 -1 bands in the infra-red spectrum, at 1710 cm and 3400 cm • 
These peaks correspond to the carbonyl and the hydroxyl 
functions. The 1 H nmr spectrum of the hydroxy-ketone (77), 
showed the C2-H and C3-CH 2 as a typical ABX pattern (63.6, 
HA' 63.0, HB and 64.50, HX). The observed coupling constants 
of the ABX system were JAB 16Hz, JAX 8Hz and JBX 5Hz. Upon 
double irradiation of the ketone at 64.50(HX), the signals 
for HA and HB collapse to simple doublets (J 16Hz), which 
demonstrates clearly that HX is spin-spin coupled to both 
HA and HB. 
0 
(77) 
The formation of the ketones (73) and (77) may arise 
from the thermal fragmentation of the C-N bond of the 
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spiro-oxaziridine (75). The thermal decomposition of 
1 
oxaziridines, which has previously been reported , results 
in the formation of a carbonyl compound and a nitrene. 
The hydroxy-ketone (77) appears to be formed after the 
S-oxidation of either the imine (74) or the spiro-oxaziri-
dine (75) during the oxidation process, by either m-CPBA 
or adventitious oxygen. The instability of the crude 
oxidation mixture did not allow further investigation of 
this process. 
Owing to the apparent thermal instability of the spiro-
oxaziridine (75) and its tendency to decompose during 
purification operations, a pure sample of this compound 
which was large enough to carry out meaningful photochemical 
experiments could not be obtained. It was hoped that the 
photolysis of the crude oxidation mixture containing the 
spiro-oxaziridine (75), would afford some information about 
its photochemical properties. To this end, a 0.2% ethanolic 
solution of the crude product from the peracid oxidation of 
the imine (74) was photolysed using a low pressure mercury-
arc lamp. 
A complex black mixture was obtained from which two 
products were isolated by preparative tlc on silica gel. 
The hydroxy-ketone (77), isolated in 10% yield by weight 
and a second product (78), isolated in 30% yield by weight. 
The latter compound was assigned the hydroxy-isoquinolinone 
structure (78), on the basis of the spectral data obtained. 
HA 0 /(CH2)3CH3 
N 
OH 
(78) 
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The infra-red spectrum of the hydroxy-isoquinolinone 
(78), showed a characteristic absorption band (v 1640cm-1 
max 
-CO-NR- and a broad absorption band at 3380 cm-1 
assigned to the hydroxyl function. The 1 H nmr spectrum 
showed a low-field multiplet at 88.05 assigned to the peri-
hydrogen atom (HA), a multiplet at 85.20, assigned to the 
a-hydroxy proton and the presence of an n-butyl moiety. 
These data compared favourably with those reported for the 
N-methyl isoquinolin-1-one analogue (79) 61 • 
That the hydroxy-isoquinolinone (78) is a photo-product 
was evident, since it was not observed as a product of the 
thermal degradation of the spiro-oxaziridine (75) and is 
clearly present in the crude photolysate, as demonstrated 
by 1 H nmr spectroscopy. 
All attempts to recrystallise the lactam (78), resulted 
in dehydration to the corresponding isoquinolinone (80). 
( 80 ) 
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This compound was formed spontaneously from the lactarn 
(78) upon standing. 
The mass spectrum of the isoquinolinone (80) gave.a 
correct molecular mass ion and also showed a base peak at 
m;z (M- 56), which corresponds to a Mclafferty rearrange-
ment with the loss of a but-1-ene fragment (Scheme 41). 
(80) 
Scheme 41. 
OH 
~N ~ + 
The fact that both the photo-rearrangement product (78) 
and the hydroxy-ketone (77), (formed either by thermal or 
photochemical means or both) are hydroxylated in the s-
position with respect to the spiro-oxaziridine (75), 
suggests that these products arise from a common starting 
material. This is likely to be the hydroxy-spiro-oxaziridine 
(75b)(Scheme 42), which may be formed by either the S-
oxidation of the imine (74) or the spiro-oxaziridine (75) 
by m-CPBA or adventitious oxygen. However evidence for this 
compound was not seen in the complex 1 Hnmr spectrum of the 
crude oxidation mixture. 
The S-oxidation of cyclic imines has been reported by 
Cohen and Witkop62 (Scheme 43) and Parcell and Hauck 63, 
-----------------------------------------------------------
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Scheme 42. 
OH 
( 75b) 
0 
ro,....nBu N OH 
(78) 
although these examples involve the autoxidation of tertiary 
carbon atons. 
Scheme 43. 
00 N dS . N 
The syn- or anti- stereochemistry of the hydroxy-
spiro-oxaziridine was not assigned since it could not be 
isolated. However, it would seem plausible to imply the syn-
stereo-chemistry, since this was assigned to the dehydroxy-
compound (75). The presence of the hydroxyl group in position 
2 should favour the syn- isomer, since steric interaction 
with the N-alkyl group in the syn- configuration is possible. 
In this case, the rearrangement product (78) shows that the 
bond syn- to the lone pair of electrons on the nitrogen 
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atom has migrated. This may be rationalised as in Chapter 1 
by suggesting that the first formed N-0 bond cleaved species 
rotates prior to the migration of the C-C bond. In this way, 
the theory of stereo-electronic control governing the spiro-
oxaziridine is, in part at least, maintained (Scheme 39, 
Chapter 1). 
The unstable nature of the spiro-oxaziridine (75) 
possessing a five-membered ring at the spire-junction, 
compared to systems possessing a six-membered ring at the 
spire-junction, may arise from the greater ring-strain that 
exists in the former. The heightened ring-strain would serve 
to lower the activation energy required for the decom-
position of the spiro-oxaziridine system. 
Derivatives of the lactam (78), are reported to possess 
pharmacological activity. An example is the 3-aryliso-
quinolin-1-one (81), which has both anti-inflammatory and 
anti-bacterial activity64. 
n >1 
( 81 } 
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CHAPTER THREE THE PHOTOCHEMISTRY OF THE N-METHYL-
NITRONES DERIVED FROM INDAN-1-0NE (73) 
AND TETRAL-1-0NE (60a) RESPECTIVELY. 
The photochemistry of nitrones, is intimately related 
to that of spiro-oxaziridines since the former are fre-
quently converted to the latter upon irradiation1 4. 
It was therefore of interest, to compare the photo-
chemistry of the nitrones (82), (86) and (87), with that 
of the related series of spiro-oxaziridines discussed in 
the previous chapters. 
The nitrone (82) was prepared from indan-1-one (73), 
by the method of Weintraub and Tiernan65, using N-methyl-
hydroxylamine hydrochloride in the presence of sodium 
hydrogen carbonate (Scheme 44). The crystalline nitrone 
(82) was obtained in 40% yield. 
Scheme 44. 
e 
0 
O, .,.CH 3 
Cl eO MeNHOH.HCl 
(73) NaHC0 3 ( 82) 
Only the anti- isomer was obtained from this pre-
paration, the stereochemistry being assigned on the basis 
of the 1 H nmr spectrum. A multiplet at 68.9 is assigned to 
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the peri- hydrogen atom (HA). The electronegative oxygen 
atom of the nitrone moiety is in close proximity to HA 
and exerts a deshielding effect, which results in the low-
field signal for this proton. This would not be seen in the 
1 H nrnr spectrum of the syn- isomer. 
The uv spectrum, (~ . 320nm (£9200), 310nm (£10200) 
max 
and 296nm (£8700) ) is characteristic of nitrones 66 • The 
photolysis of this compound was undertaken using a medium 
pressure mercury-arc lamp which emits significant radiation 
at wavelengths of 297nm, 302nm and 313nm. 
Irradiation of a 0.2% ethanolic solution of the 
nitrone (82) for one week gave indan-1-one (73) (80%) and 
a lactam (84) (10%). These products were isolated by pre-
parative tlc on silica gel (Scheme 45). 
Scheme 45. 
,cH3 
~ (83) 
0 
eO ! ( 84) (73) 
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The lactam (84) gave spectroscopic data in accord 
with that recorded in the literature67 , (v 1640 cm-l max 
ArNHCOR and 68.0 peri-HA). 
The photo-rearrangement of the nitrone to the lactam 
involves the pre-formation of the spiro-oxaziridine (83) 
as an intermediate. However, no evidence for the existence 
of this intermediate was detected by qualitative tlc or 
spectroscopic means, during the photolysis. 
The formation of 1-methylisoquinolin-2-one (85) was 
not observed suggesting that the lactam (84) was formed 
regie-specifically. The nitrone (82) may ring close to the 
. . . d . ( 8 3 ) . t . f . l 7 Th · splro-oxazlrl lne ln a s ereo-specl lC manner • lS 
intermediate may then rearrange regie-specifically in an 
analagous process to the rearrangement of the anti- spiro-
oxaziridines studied in Chapter 1. 
(85) 
The formation of indan-1-one (73) from the photolysis 
of the nitrone (82), implies that the intermediate spiro-
oxaziridine (83) may undergo a photo-fragmentation process, 
forming a short-lived nitrene species. Such fragmentations 
have been previously reported for N-aryl derivatives 68 . 
The nitrone (82) was relatively stable under photolysis 
conditions, which resulted in a long irradiation time. 
Examination of the photolysis solution during irradiation 
by tlc and uv failed to show any evidence of the spiro-
oxaziridine intermediate (83). This suggests that the 
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intermediate decomposes rapidly once formed and that the 
slow step in this sequence is spiro-oxaziridine formation. 
The preparation of the nitrones (86) and (87) was 
unsuccessful when applying the method of Weintraub and 
Tierman65 to tetral-1-one (60a), but was achieved using the 
method by which Barton and co-workers69 prepared some 
steroidal nitrones. This involved the treatment of 
tetral-1-one (60a) with N-methylhydroxylamine hydrochloride 
in pyridine. In this way, a 60% yield of a 1:1 mixture of 
the~- (87) and anti- (86) nitrones was obtained, 
(Scheme 46). 
Scheme 46. 
0 
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+ 
( 87) 
The isomeric mixture of nitrones was isolated from 
other impurities by flash column chromatography and the 
configurational isomers were separated using preparative 
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tlc on silica gel. The anti- nitrone (86) was also isolated 
from the mixture by recrystallisation from acetone (m.p. 
131-137°C). The syn- isomer (87) was isolated as an oil. 
Both were relatively unstable and were photolysed immedia-
tely after isolation. 
The assignment of the stereochemistry of the nitrone 
isomers was on the basis of their 1 H nmr spectra. The anti-
isomer (86) was identified by a low-field multiplet at 
69.55, assigned to the peri- hydrogen atom (HA). This 
signal was absent from the 1 H nmr spectrum of the syn-
isomer (87). 
The 1 H nmr spectrum of the~ isomer (87) includes 
a signal for the N-methyl group which shows long-range 
spin-spin coupling and produces a finely split triplet at 
64.0 (JBX' 2Hz). Molecular model studies indicate that 
homoallylic coupling between the N-methyl group and the 
position 2 methylene group is possible in this configuration 
since they are trans with respect to each other. Long range 
coupling is also favoured geometrically, as the protons on 
these groups can align in a zig-zag pattern. The value of 
the coupling constant is typical of this type of pheno-
70 
men on 
Neither the trans orientation nor the zig-zag align-
ment is present in the anti- isomer (86) and the signal 
for the methyl group is consequently observed as a sharp 
singlet at 63.75. 
( 87) 
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These observations are consistent with the assignments 
of configuration. The ratio of the isomeric mixture of 
nitrones was established by comparing the integration of 
the respective N-methyl signals in the 1 H nmr spectrum. 
The uv spectrum of the nitrones, (Amax 300nm (£10400) 
and 296nm (£10800) ) for the anti- and syn- isomers res-
pectively, allowed both compounds to be photolysed as 0.2% 
ethanolic solutions by a medium pressure mercury-arc lamp. 
Upon irradiation, both nitrones gave the anti- spiro-
oxaziridine (63a) in 50% yield (Scheme 47), which was iso-
lated by preparative tlc on silica gel. The photolyses 
were monitored by the disappearance of the A absorption 
max 
in the uv spectrum of the starting material and in both 
cases, the process was complete within one hour. 
Scheme 47. 
eo, ,...cH 3 
CH3 Ne 
o) h)J ~0 --------. 
(86) I ~ 
e / ( 63a) CH3 ,....o 'Ne 
o) hV ~ (86) 
( 87) 
The ring-closure of the anti- nitrone (86) takes place 
stereo-specifically, without pre-inversion of configuration 
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leading to the formation of the anti- spiro-oxaziridine 
( 63a ). 
The configuration of the syn- nitrone (87), may 
-
thermally or photochemically invert prior to ring-closure. 
This process would account for the stereo-selective for-
mation of the anti- spiro-oxaziridine (63a) and would 
involve the formation of the anti- nitrone (86) as an inter-
mediate. 
Attempts to follow the photolysis of the syn- nitrone 
(87) by chromatographic or spectroscopic methods failed to 
detect the anti- isomer (86), which suggests that the ring-
closure is proceeding at a faster rate than the inversion 
of nitrone stereo-chemistry. 
The major isomerisation pathway of (87) to (86), was 
demonstrated to be photochemical, since a control solution 
of the syn- nitrone in the dark at room temperature re-
mained unchanged after the photolysis time (one hour) had 
elapsed. 
Initial irradiation studies described in Chapter 1, 
suggest that photochemical inversion of configuration for 
syn- to anti- spiro-oxaziridine is unlikely. 
-
These factors lead to the conclusion that the~ 
nitrone undergoes complete inversion of stereo-chemistry 
before ring-closure. In this way, the formation of the 
sterically compressed~ spiro-oxaziridine (63a) is 
avoided. A factor which may provide the driving force for 
this process. 
The photochemistry of nitrones of the type investi-
gated, is clearly greatly influenced by ring size and 
steric factors and provides an alternative synthesis of 
certain spiro-oxaziridines. 
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CHAPTER FOUR. SOME SYNTHETIC APPLICATIONS OF THE PHOTO-
REARRANGEMENT OF SPIRO-OXAZIRIDINES. 
Having established that the photo-rearrangement of 
anti- spiro-oxaziridines derived from tetral-1-one produce 
regie-specific products (see Chapter 1), some possible 
synthetic applications of this process were investigated. 
(a) Preparation of pyrrolo-[1,2-b)[2] benzazepin-5-ones (88). 
0 
& (a) R = H 
( 88) 
The first approach to the target ring system (88), 
involved the attempted preparation of the tricyclic imine 
(89) 71 , (Scheme 48), by the method of Parcell and Hauck63 • 
The n-butyl imine (6lb) was treated with 3-bromopropylamine 
hydrobromide in DMF at elevated temperatures. The tricyclic 
imine (89), could not be isolated because of autoxidation 
by adventitious oxygen which produces the hydroxylated 
derivative (90) 63• 71 • 72 , which was isolated from the complex 
reaction mixture by preparative tlc on silica gel in 10% 
yield. 
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Scheme 48. 
0 N-nBu 
00 n-BuNH 2 00 ( 61b) pTSA 
( 60a) 
OH • 
(90) (89) 
Autoxidation was avoided by the insertion of a methyl 
substituent in the 8-position. This was achieved by using 
2-methyltetral-1-one (60c) as the. starting ketone (Scheme 
49). 
Scheme 49. 
0 N-nBu 
ro n-BuNH 2 ro 
( 60 c) 
( 91) 
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The n-butylimine derivative (6le), was allowed to 
react with 3-bromopropylamine hydrobromide in DMF, to give 
the tricyclic imine (91) in 30% yield71 • All the tricyclic 
imines discussed in this chapter were isolated by flash 
column chromatography on silica gel. 
A modification of the method designed by Parcell and 
Hauck63 was developed. The generation of the sodium enolate 
anion of 2-methyl tetral-1-one ( 92), (Scheme 50), was 
achieved by the use of sodium hydride in DMF. The subsequent 
addition of 3-bromopropylamine hydrobromide, gave an im-
proved yield to the imine (91) of 64%. 
Scheme 50. 
0 Naeoe 
ro NaH/DMF ro 
( 60c) 
( 91) 
The oxidation of the imine (91) was carried out at 0°C 
with m-CPBA in dichloromethane - sodium hydrogen carbonate 
solution and afforded the trans- spiro-oxaziridine (93), in 
26% yield and the nitrone (94) in 40% yield, (Scheme 51). 
The compounds were purified by preparative tlc on silica 
gel. 
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The trans- disposition of the methyl group and the 
oxygen atom of the sp~ro-oxaziridine (93), is inferred 
since the m-CPBA would be expected to attack on the less 
sterically hindered face of the imine (91). 
The spiro-oxaziridine (93) gave satisfactory spectro-
scopic data, which included a quaternary carbon signal at 
680.75 in the 13 C nmr spectrum, assigned to the carbon at 
the spire-junction. The chemical shift of this carbon atom 
is comparable to the corresponding quaternary carbon atom 
signals of the anti- spiro-oxaziridines investigated in 
Chapter 1. 
The spiro-oxaziridine (93) also gave characteristic 
absorption bands in the uv spectrum, (Amax 267 nm (E336) 
and 274 nm (E325) ) and was therefore photolysed as a 0.2% 
ethanolic solution using a low pressure mercury-arc lamp. 
The pyrrolo-[1,2-b][2] benzazepin-5-one (88a) was obtained 
in this way in 40% yield (m.p. 103-105°C). All photo-
rearrangement products reported in this chapter were iso-
lated by preparative tlc on silica gel or by distillation. 
The spectral data of this photo-product included a 
characteristic absorption band in the infra-red ·spectrum 
(v 1620 cm-1 , -CO-NR- ), a multiplet at 67.80 in the max 
1 H nmr spectrum assigned to the peri- hydrogen atom (HA) 
and a signal in the 13 C nmr spectrum assigned to the 
quaternary carbon atom at the C-lla position (661.35). 
The nitrone (94) was characterised by a low-field 
multiplet at 69.30 in the 1H nmr spectrum assigned to the 
peri- hydrogen atom (HB) and an absorption band in the uv 
spectrum (Amax 290 nm (Ell213) ). 
The photolysis of the nitrone (94) as a 0.2% ethanolic 
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solution using a medium pressure mercury-arc lamp, gave 
the cis- spiro-oxaziridine (95) in 76% yield, isolated by 
preparative tlc on silica gel as an unstable solid (m.p. 
54-56°e). 
The cis- spiro-oxaziridine (95), gave a signal at 
681.55 in the 13 e nmr spectrum which was assigned to the 
carbon atom at the spire-junction. The 1 H nmr spectrum of 
this compound included a low-field multiplet at 67.65, 
which was assigned to the peri- hydrogen atom (He). This 
signal supports the assignment of the ~stereochemistry 
about the ring junction, since molecular models show that 
the cis- configuration is likely to show deshielding of the 
peri- hydrogen atom (He) by the nitrogen or oxygen atoms of 
the oxaziridine ring. 
Scheme 51. 
( 91) 
(93) 
(94) 
h'V254nm l J hV300nm 
0 
hV254nm (95) 
(88a) 
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Photolysis of the cis- spiro-oxaziridine (95), using 
similar conditions as those employed for the photolysis of 
the trans- spiro-oxaziridine (93), afforded the lactam 
(88a) in 50% yield. 
The photolysis of both the cis- and trans- spiro-
oxaziridines gave the regie-specific photo-rearrangement 
product (88a). No evidence was obtained for the formation 
of the lactam (96); which would result from the migration 
of the C-C bond syn- to the lone pair of electrons on the 
nitrogen. 
The extra rigidity of the tricyclic spiro-oxaziridine 
system appears to facilitate higher yields of the photo-
rearrangement products than was achieved by the photolysis 
of the spiro-oxaziridines examined in Chapter 1. 
(96) 
The versatility of this approach to the preparation 
of the pyrrolo-[1,2-b][2] benzazepin-5-one system was 
demonstrated by the use of 6-methoxytetral-1-one (60b) in 
the same synthetic strategy (Scheme 53). 
The preparation of 6-methoxy-2-methyltetral-1-one 
(98) 73 from 6-methoxytetral-1-one (60b) was achieved by the 
method of Cainelli and c~-workers46 in 60% yield, after 
purification by distillation. The tricyclic imine (99) was 
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prepared in 36% yield by the modified alkylation procedure 
previously outlined (see earlier ). 
The subsequent oxidation of the imine (99) with m-CPBA 
gave the nitrone (97), isolated in 50% yield (m.p. 163-164°C). 
The absence of spiro-oxaziridine in the reaction mixture 
suggests that electron donating substituents in the para-
position favour nitrone formation via destabilisation of 
the spiro-oxaziridine (Scheme 52). 
(97) 
Scheme 52. 
e 
M eO 
The nitrone (97) was characterised by a low-field 
doublet (69.5) in the 1 H nmr spectrum, assigned to the 
peri- hydrogen atom (HA) and an absorption band in the uv 
spectrum (A 304 nm (El2400) ). 
max 
The nitrone (94) was photolysed using a medium-pressure 
mercury-arc lamp and gave the pyrrolo-[1,2-b][2] benzaze-
pin-5-one (100), isolated in 70% yield. The lactam (100) 
gave a characteristic carbonyl absorption at 1625 cm-1 in 
the infra-red spectrum, a doublet in the 1 H nmr spectrum 
(67.7, J8Hz), assigned to the peri- hydrogen atom (HB) and 
a signal at 661.40 in the 13 C nmr spectrum assigned to the 
carbon atom in the C-lla position. 
0 
M eO m 
(60b) 
MeO 
h'V 300nm 
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Scheme 53. 
0 
KOH 1 Fe(CO)s X 
:;/I 
~ (98) CH 20 I Et OH MeO 
mCPBA 
( 97) 
( 10 0) 
MeO 
NaH I DMF 
Br(CH 2) 3 NH2HBr 
(99) 
The naturally occurring alkaloid cephalotaxine (101), 
was found to possess anti-leukaemic activity74. Subsequent 
interest has been shown in the preparation of related 
pyrrolobenzazepine systems. 
( 101 ) 
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Scheme 54. 
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A reported synthesis of the pyrrolo-[1,2-b][2] benz-
azepine system (103), is uncomplicated but lengthy75 • 
N-benzylpyrrole (102) was prepared from 2-cyanotoluene by 
b ' t . d t ' . th t ' 1 . d 7 6 Th . rom1na 1on an reac 1on w1 po ass1um pyrro 1 e • 1s 
lengthy procedure illustrates the potential value of the 
photo-rearrangement of spiro-oxaziridines as a means of 
obtaining heterocyclic systems previously available only 
with difficulty (Scheme 54). 
(b) Preparation of pyrrolo-[2,1-a](2] benzazepin-5-one (104) 
I. 
' 
. "' ' 
( 104) 
The pyrrolo-[2,1-a][2] benzazepin-5-one system (104), 
was prepared using 1-methyltetral-2-one (106) (Scheme 55). 
The reaction of tetral-1-one (6la) with MeMgi in di-
ethylether, followed by dehydration, with removal of the 
water of reaction by azeotropic distillation in the pre-
sence of p-TSA, led to the olefin (105) in 84% yield after 
purification by distillation. Subsequent epoxidation of the 
olefin (105) with m-CPBA, followed by treatment with 
BF 3.Et2o I benzene produced the 1-methyltetral-2-one (106)
77 
in 68% yield after purification by distillation. 
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Scheme 55. 
0 00 00 1) MeMgl 2) pTSA I benzene ( 105) 
( 61a) 
1) mCPBA 
2) BF 3.Et2o 
:a. 
.. 
• 1) NaH I DMF roo 
., 6 2) Br(CH2)3NH2HBr (107) ( 106) 
mCPBA 
h'Y 
.. 
( 10 8) (104) 
The generation of the enolate anion of (106) using 
sodium hydride in DMF, facilitated alkylation with 3-bromo-
propylamine hydrobromide, giving the tricyclic imine (107) 
in36% yield. 
Oxidation of the imine (107) with m-CPBA, gave the 
spiro-oxaziridine (108) in 66% yield. The spiro-oxaziridine 
(108), produced a characteristic uv spectrum (Amax 267 nm 
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(E397) and 274 nm (E429) ). 
The photolysis of a 0.2% ethanolic solution of the 
spiro-oxaziridine (108), using a low-pressure mercury-a:c 
lamp, gave the pyrrolo-[2,1-a)[2] benzazepin-5-one (104) in 
49% yield (m.p. 99-101°C). 
The lactam (104), gave a characteristic carbonyl 
absorption band at 1615 cm-l in the infra-red spectrum and 
a signal at 666.48 in the 13 C nmr spectrum assigned to the 
carbon atom in the C-llb position. 
The pyrrolo-[2,1-a][2] benzazepine system was previously 
unreported. 
(c) Preparation of pyrrolo-[1,2-b] isoquinolin-5-one (109). 
0 
a 
(109) 
The target compound (109), was obtained using similar 
methodology as outlined above. The methylation procedure of 
Cainelli and co-workers 46 , allowed the preparation of 2-
methylindan-1-one (110) 78 from indan-1-one (73), in 57% 
yield after purification by distillation (Scheme 56). The 
methyl derivative (110) was used in order to avoid the 
anticipated autoxidation of the unmethylated tricyclic 
imine (see earlier). 
Treatment of the enolate anion of 2-methylindan-1-one 
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(110), generated by using sodium hydride in DMF, with 3-
bromopropylamine hydrobromide, led to the tricyclic imine 
(111) in 55% yield. 
The subsequent oxidation of this compound with m-CPBA 
gave the nitrone (112) in 50% yield (m.p. 85-87°C). The 
nitrone (112) gave a characteristic uv spectrum (A 292 nm 
max 
(El2730) and 304 nm (El3690) ) and a low-field multiplet 
at o8.60 in the 1 H nmr spectrum assigned to the peri-
hydrogen atom (HA). 
The formation of the nitrone (112) and not the corres-
pending spiro-oxaziridine in this case, may arise from the 
same ring-strain factors which brought about the instability 
of the spiro-oxaziridine system examined in Chapter 2. 
Photolysis of a 0.2% ethanolic solution of the nitrone 
(112), with a medium-pressure mercury-arc lamp, gave the 
pyrrolo-[1,2-b] isoquinolin-5-one (109) in 36% yield (m.p • 
. 128-130°C). 
The photoproduct (109), gave a characteristic absorp-
tion in the infra-red spectrum (v 1645 cm-1 , -CO-NR- ) 
max 
. 
and a signal at o61.18 in the 13 C nmr spectrum assigned to 
the quaternary carbon atom in the C-lOa position. 
The formation of the pyrrolo-[1,2-b] isoquinolin-5-one 
(109), may result from a stereo-specific ring-closure of 
the nitrone (112), to give the intermediate spiro-oxaziri-
dine (113). This is followed by rapid photo-rearrangement 
in what appears to be an analagous process to that of the 
photolysis of the nitrone ( 97) (Scheme 53). 
The pyrrolo-isoquinoline system (114) has been of 
interest because of its occurrence in certain anti- inflam-
matory and analgesic compounds 79. 
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Scheme 56. 
0 0 (Cl fe(CO )sI KOH ~ 1110) CH2o I EtOH (73) l BriCH213NH2HBr 
3 
mCPBA 
• 11 
.., ( 111 ) ( 112) ~ 
J [ ] 
( 113) (109) 
This system has been prepared by a number of routes, 
including a modification of the methodology employed in 
synthesising the pyrrolobenzazepine system described in 
Scheme 54. This process also uses the N-benzylpyrrole 
derivative (102) as a starting material (Scheme 57)75. 
Scheme 57. 
OH 9 
(102) 
0 
~ 
( 114) 
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(d) Preparation of azeto-[1,2-b][2] benzazepin-4-one (115). 
0 
( 115} 
The preparation of the azetobenzazepine system (115), 
was achieved by varying the size of the heterocyclic ring 
which is built onto the tetralone system. 
The use of 2-bromoethylamine hydrobromide as the 
alkylating reagent enabled the synthesis of the tricyclic 
imine (116) (Scheme 58) in 54% yield. The alkylation in-
volved the use of dimethoxyethane (DME) as a solvent, sodium 
iodide as a catalyst and sodium hydride as a base. The 
conditions used previously in the preparation of the tri-
cyclic imines (DMF and sodium hydride) did not prove to be 
successful in this case. 
The oxidation of the imine (116) with m-CPBA, gave the 
spiro-oxaziridine (117) in 55% yield. The spiro-oxaziridine 
(117) produced a characteristic uv spectrum, (A 267 nm 
max 
(c263) and 274 nm (c270) ) and a signal at o90.59 in the 
13 C nmr spectrum which was assigned to the carbon atom at 
the spire-junction. 
The photolysis of a 0.2% ethanolic solution of the 
spiro-oxaziridine (117), using a low pressure mercury-arc 
lamp, resulted in the formation of the azeto-[1,2-b][2]-
benzazepin-4-one (115) in 49% yield. 
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The photo-rearrangement product (115), showed a char-
acteristic carbonyl absorption in the infra-red spectrum 
(v 1620 cm-1 , -CO-NR-) and a signal at o67.74 in the max 
13 C nrnr spectrum which was assigned to the quaternary carbon 
atom at the C-lOa position. 
Scheme 58. 
I 
0 
o9.· ro DME I NaH • 11 Na I I Br(CH zlzNHzHBr T ' I ( 116} ( 60c} 
1 
mCPBA 
0 
hV254nm 
( 115) ( 117) 
During the course of this work, a similar approach to 
the synthesis of the azeto-[1,2-b][2] benzazepine·system 
was reported by Black and Johnstone (Scheme 59) 80 • 
The nitrone (120), was prepared by reacting the Mannich 
base (118) with nitropropane to afford the nitro-ketone 
(119). This compound was then reductively cyclised using 
zinc and ammonium chloride to give the nitrone (120), which 
upon prolonged irradiation gave the azetobenzazepinone 
system (121) in 24% yield. 
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Although this approach is perhaps of limited generality 
it is an interesting variation, which compliments the syn-
thetic approach described here. 
Scheme 59. 
HCHO 
0 NMe2 ~ {118) 0 ro 
(60a) 
Zn 
4 
NH $ Cl9 ( 119) (120) 4 
hY~ 0 
( 121 ) 
(e) Preparation of azeto-[2,1-a][2] benzazepin-4-one (122) . 
.., ' 5 
( 122) 
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The novel azeto-[2,1-a][2] benzazepine system (122), 
was prepared from 1-methyltetral-2-one (106) (Scheme 60). 
The alkylation of (106) with 3-bromoethylamine hydrobromide 
in the presence of sodium hydride in DME, with a catalytic 
quantity of sodium iodide, gave a 40% yield of the imine 
(123) 0 
The oxidation of the imine (123) with m-CPBA, gave the 
spiro-oxaziridine (124) in 57% yield. The spiro-oxaziridine 
(124) showed a characteristic uv spectrum (A 264 nm, 
max 
(£763) and 271 nm (£763) ) and a quaternary carbon signal 
at 692.73 in the 13 C nmr spectrum, assigned to the carbon 
at the spire-junction. 
The photolysis of the spiro-oxaziridine as a 0.2% 
ethanolic solution using a low pressure mercury-arc lamp, 
gave the azeto-[2,1-a][2] benzazepin-4-one (122) in 48% 
l 
yield. The photo-product was characterised by an absorption 
band at 1615 cm-l in the infra-red spectrum (-CO-NR-) and 
a quaternary carbon signal at 671.62 in the 13 C nmr spectrum 
assigned to the benzylic carbon atom in the C-lOb position. 
Scheme 60. 
• 
NaH I Nai 
(123) 
' 
5 
( 106) l mCPBA 
oa 0 hV254nm 
( 122) ( 124) 
- 91 -
(f) Attempted preparation of azeto-[1,2-b] isoquinolin-
4-one (125). 
0 
(125) 
The preparation of the azetoisoquinoline system (125), 
was not possible by the synthetic strategy previously used. 
The spiro-oxaziridine (127) was found to be too unstable 
to allow the photolysis to be performed. 
The synthesis of the imine (126) (Scheme 61), was 
achieved by reacting 2-methylindan-1-one (110) with 3-bromo-
ethylamine hydrobromide in DMF using sodium hydride as base. 
The imine (126) was isolated in 31% yield and displayed a 
characteristic absorption band in the infra-red spectrum 
(v 1655 cm-1 , C=N- ) and a multiplet at 67.80 in the max 
1 H nmr spectrum assigned to the peri- hydrogen atom (HA). 
The oxidation of the imine (126) at -5°C with mCPBA 
gave a compound which was assigned the spiro-oxaziridine 
structure (127). The product could not be purified since it 
rapidly decomposed at temperatures above 0°C. The 1 H nmr 
spectrum of the crude oxidation product was consistent with 
that which would be expected for the proposed product. This 
data included a doublet of doublets at 62.95, ~15Hz and 
5H~, assigned to the benzylic protons. This signal may be 
split as a result of the asymmetry introduced into the 
system by the oxaziridine moiety, bringing about the observed 
geminal spin-spin coupling. The corresponding imine (126) 
exhibits a singlet for these protons in the 1 H nmr spectrum, 
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with no evidence of this form of spin-spin coupling. 
The photolysis of the crude spiro-oxaziridine (127), 
using a low-pressure mercury-arc lamp at reduced temperatures 
(-20°C), did not lead to the formation of the azeto-[2,1-a] 
isoquinoline derivative (125). 
The main product from both the thermolysis and the 
photolysis of the spiro-oxaziridine (127) was the keto-
aldehyde (128). This compound was isolated from the crude 
oxidation mixture in 44% yield. 
The keto-aldehyde (128), was characterised by the 13 C 
nmr spectrum, which showed signals at o209.23 and o200.26, 
corresponding to the ketonic and aldehydic quaternary carbon 
atoms respectively. The infra-red spectrum contained an 
intense carbonyl absorption at 1710 cm-1 , which was consis-
tent with this assignment and the signal for the aromatic 
protons in the 1 H nmr spectrum was very similar to that of 
the starting material, 2-methylindan-1-one (110). 
Scheme 61. 
0 
o:Y Br( CH2) 2 NH2HBr NaH I DMF 
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(126) 
0 
hV or~ 
( 128) (127) 
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The formation of the keto-aldehyde (128) by thermal 
and photochemical means can be rationalised by inferring 
the formation of an intermediate ni trene species (129). · 
Such short lived intermediates have been previously re-
ported as being formed from the triplet state decomposition 
of oxaziridines. Once formed, the nitrene (129) may then 
decompose to the aldimine (130) 81 , which upon hydrolysis 
in situ, results in the formation of the keto-aldehyde (128) 
(Scheme 62). 
This observation represents the first limitation of 
the synthetic applications of this process. 
Scheme 62. 
( 127) ( 129) 
H 
( 128) ( 130) 
The increased ring-strain of this spiro-oxaziridine 
system may lower the activation energy for nitrene formation 
to such an extent, that this process occurs spontaneously 
with the exclusion of rearrangement. 
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(g) Attempted preparation of pyridino-[1,2-b] iso-
quinolin-6-one (13la)and pyridino-[1,2-b]benz-
azepin-6-one (13lb). 
0 ((lp 
( CH2) n 
( 131 ) 
(a) n = 1 
(b) n = 2 
The first approach to the target compounds (131) in-
volved the alkylation of indan-1-one or tetral-1-one using 
4-bromobutylamine hydrobromide (133) 82 • 
The alkylating agent was not commercially available 
but was prepared by the acid hydrolysis of the phthalimide 
derivative (132). This method is derived from the Gabriel 
synthesis and the 4-bromobutylamine hydrobromide (133) was 
obtained in 58% yield (Scheme 63). 
0 
~N!CH2J4Br 
0 
( 132) 
Scheme 63. 
HBr 
HOAc 
HBr NH2( CH 2) 4 Br 
( 133) 
+ 
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Despite examining a variety of reaction conditions, 
alkylation did not proceed using 4-bromobutylamine hydro-
bromide (133). The alkylation was attempted using both DMF 
and DME as the solvent and both sodium hydride and potassium 
hydride as the base. The presence of sodium iodide as a 
catalyst did not promote the formation of the imine (134) 
and heating the alkylating mixture, had no effect upon the 
process (Scheme 64). 
It appears that the imine (134) is not available via 
this strategy, since the base catalysed formation of pyrro-
lidine from 4-bromobutylamine hydrobromide is well known83. 
This process is reported to take place 60,000 times faster 
than the formation of azetidine from 3-bromopropylamine 
and 800 times faster than the formation of aziridine from 
2-bromoethylamine. This explains why six and five- membered 
imine ring systems are readily available by this method. 
0 
~ L;Jl('r(H'~ ') 2 n 
Scheme 64. 
(134) 
n = 1,2 
A different approach involved the use of 4-bromobutyro-
nitrile as the alkylating agent (Scheme 65). The keto-nitrile 
(135) so-formed, may then be reductively cyclised to the 
required imine (134). 
Scheme 65. 
CN 
0 
ro 
NaH I DMF ( 60c) ( 135) 
However, the reaction with 2-methyltetral-1-one (60c) 
using an excess of sodium hydride did not produce any of 
the required product. Only the enol ether (136) and the 
tricyclic a,S-unsaturated nitrile compound (137) {Scheme 
66). 
The enol ether {136) was isolated in 12% yield. The 
compound gave characteristic absorption bands in the infra-
red spectrum at 1655 cm-l ( C=C-OR ) and 2250 cm-1 { C;N ). 
A relatively low-field singlet at ol.85 in the 1H nmr spec-
trum, was assigned to the methyl group and was consistent 
with the structure proposed. 
The tricyclic compound (137) was isolated in 23% yield 
(m.p. 68-70°C). This product was characterised by a low-
field multiplet at o8.2 in the 1 H nmr spectrum, assigned to 
the peri- hydrogen atom (HA). An intense absorption band at 
2210 cm-l in the infra-red spectrum, confirmed the presence 
of the a,S-unsaturated nitrile group. 
The enol ether (136) is formed by 0-alkylation of a 
ketone (60c), a process which apparently competes with the 
required C-alkylation in this case. 
The tricyclic nitrile compound (137) is probably formed 
in two stages. The first being the C-alkylation of the 
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ketone to afford the keto-nitrile (135) which, in the 
presence of excess sodium hydride, undergoes an intra-
molecular, base-catalysed condensation between the methyl-
ene group bonded to the nitrile function and the carbonyl 
group. 
Scheme 66. 
0 
NaH I DMF ro + 
(60c) ( 137) (136) 
The 0-alkylation associated with 2-methyltetral-1-one 
(60c), was not observed with 2-methylindan-1-lone (106). 
Alkylation of (106), using 4-bromobutyronitrile with an 
equimolar quantity of sodium hydride in DMF, gave the keto-
nitrile (138) (Scheme 67) in 48% yield. 
The keto-nitrile (138) gave a characteristic absorp-
6 -1 ( - ) -1 ( ) . tion band at 22 0 cm C=N and 1705 cm C=O 1n the 
infra-red spectrum and a singlet at 61.20 in the 1H nmr 
spectrum assigned to the methyl group. 
Scheme 67. 
CN 
0 
oCr NaH I DMF 
(106) ( 138) 
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The alkylation did not take place in benzene or DME. 
The reductive cyclisation of the keto-nitrile (138) to 
afford the imine (134, n=l) was unsuccessful. The conditions 
used were hydrogen and catalytic Raney nickel in the pre-
sence of ammonia. Ammonia was reported to reduce secondary 
amine formation 84. The reaction gave only complex mixtures 
which could not be resolved. 
Attempts to reduce the nitrile function with lithium 
aluminium hydride, after protecting the carbonyl function, 
proved fruitless. It was not possible to convert the car-
bonyl group to the dioxolan by reaction with ethylene glycol. 
This was probably owing to steric hindrance. 
This investigation did not proceed further although 
future investigations may be carried out in order to obtain 
the tricyclic imine system (134). The imine may then be 
oxidised to the spiro-oxaziridine or nitrone and subsequently 
photolysed to produce the target systems (131). 
The results described demonstrate the application of 
the photo-rearrangement of spiro-oxaziridines and suggest 
that the process is of general use in heterocyclic syn-
thesis. Where there are some limitations which arise mainly 
from the synthesis of the spiro-oxaziridines themselves, 
the photo-rearrangements are encouraging and suggest further 
efforts to extend the synthetic scope would be worthwhile. 
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CHAPTER FIVE. PRELIMINARY STUDIES IN THE SYNTHESIS OF 
HETEROCYCLES POSSESSING MORE THAN ONE 
HETEROATOM. 
In view of the success of some synthetic applications 
of the spiro-oxaziridine photo-rearrangement (Chapter 4), 
the scope of this process may be widened to systems which 
contain an additional heteroatom. 
It was anticipated that the quinolin-4-one (145) or 
its N-substituted derivatives might serve as a suitable 
starting material in the place of 2-methyltetral-1-one (60c) 
following the synthetic strategy described in Chapter 4. 
The N-methyl derivative (140) was first investigated. 
The preparation of this compound was achieved by the 
method reported by Daruwala and co-workers 85. This involved 
the condensation of N-methylaniline with diethyl-2-methyl-
malonate, followed by reduction with sodium bis-[2-methoxy-
ethoxy]-aluminium hydride (Red-Al) 86 , (Scheme 68). 
Scheme 68. 
HNMe C02 Et Me 6 I ~0 + CHCH3 ~ I ( 139) C02Et OH 
Me ho-AI 
~ 
0 
( 140) 
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The condensation product, 1,3-dimethyl-4-hydroxy-
quinolin-2-one85 (139) was isolated in 54% yield (m.p. 124-
1270C) after purification by recrystallisation from ethanol 
water. 
Selective reduction of (139) with Red-Al gave the 
required quinolin-4-one (140) in 32% yield (m.p. 74-76°C, 
Lit. 87 72-73°C). 
The quinolin-4-one (140) was allowed to react with 
3-bromopropylamine hydrobromide and sodium hydride in DMF 
(Scheme 69). The tricyclic imine (141) obtained from this 
reaction was isolated in 62% yield (m.p. 79-81.5°C). 
The imine (141) was characterised by an absorption in 
the infra-red spectrum (v 1635 cm-1 
max C=N- ) and a 
doublet of doublets in the 1 H nmr spectrum assigned to the 
peri- hydrogen atom (HA), (67.95, J8Hz and 2Hz). 
The oxidation of the imine (141) with m-CPBA gave a 
complex mixture which could not be purified. The oxidation 
was attempted using a range of temperatures (0 to -80°C), 
but the spiro-oxaziridine (142) was not isolated. 
The oxidation of the amino group resulting in the 
formation of an N-oxide species, may compete with the 
spiro-oxaziridine formation and may be partially responsible 
for the complexity of the product mixture. No discrete 
products could be isolated by chromatographic means. 
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Scheme 69. 
0 
DMF I NaH w Me 
(140) { 141 ) 
mCPBA 
( 142) 
In order to remove the possibility of N•oxide formation 
the use of N-acetyl-quinolin-4-one (146) was investigated. 
This compound was prepared via an acid catalysed 
Michael-type addition of aniline to methacrylic acid 88 • The 
B-amino acid (144) so-formed was purified by distillation. 
Ring-closure was effected by heating in polyphosphoric acid 
at 130°C. The N-unsubstituted quinolin-4-one (145) was 
obtained in 35% yield (m.p. 91-94°C) from aniline. Purifi-
cation was achieved by flash column chromatography on silica 
gel. 
Acetylation of (145) with acetyl chloride in the 
presence of triethylamine gave the required product in 60% 
yield after purification by flash column chromatography on 
silica gel (Scheme 70). 
(143} 
Ac Tw· ~·&HA ~I H8 
' s s • 
0 
( 146) 
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Scheme 70. 
H 
I 
0'~ 
HO O ( 144) 
1 
Polyphosphoric 
acid 
H 
~~~ ~ 
0 
(145) 
Attempts to alkylate the N-acetylquinolin-4-one (146) 
were not successful. A variety of conditions was examined. 
The reaction of the quinolin-4-one (146) with sodium 
hydride, followed by the addition of 3-bromopropylamine 
hydrobromide in DME and in DMF, failed to give the desired 
product. The addition of the alkylating reagent to the 
n-butylimine of (146) in DMF at elevated temperature (120°C) 
also proved ineffective (Scheme 71). The n-butylimine (147) 
was prepared using catalytic amounts of TiC1
4 
with n-butyl-
amine in benzene, giving a 68% yield after purification by 
distillation. 
/nBu 
N 
~HA 
I Ha 
COCH 3 
(147) 
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Scheme 71. 
Br(CH2) 3N H2HBr 
X • 
DMF 
The N-tosyl derivative (149) was prepared by the re-
action of the N-unsubstituted quinolin-4-one (145) with 
tosyl chloride in pyridine (Scheme 72) 89. The N-tosyl 
derivative (149) was obtained in 48% y~eld (m.p. 116-116.5°C) 
after purification by recrystallisation from diethylether : 
petroleum ether. 
Attempts to alkylate this compound in the same manner 
as the N-acetyl derivative were equally unsuccessful. These 
results show that the alkylation of quinolin-4-ones of this 
type are sensitive to changes in the character of the nit-
rogen atom. 
Scheme 72. 
0 
w TsCl/Py 
H 
( 145 ) 
Similar problems associated with alkylation were en-
countered using 3-methylchroman-4-one (151) as a starting 
104 -
material for this type of synthetic investigation. 
The 3-methylchroman-4-one (151)9° was prepared by the 
methylation of chroman-4-one (150), using the method of 
Cainel1i and co-workers46 (Scheme 73) in 26% yield. 
The alkylation of the chromanone with 3-bromopropyl-
amine hydrobromide was not achieved using the standard 
conditions previously described. As a result of the problems 
in alkylating these systems, this investigation did not 
proceed any further. 
Scheme 73. 
0 
cQ KOH I Fe(CO)s 
( 150 ) 
Br(CH 2) 3 NH2HBr 
The n-butylimine (147), which was prepared as an inter-
mediate in the investigation into the synthesis of the tri-
cyclic imine (148) (Scheme 71), was oxidised with m-CPBA 
to form the spiro-oxaziridine (152) (Scheme 74). The spiro-
oxaziridine (152) was isolated as an unstable solid in 52% 
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yield (m.p. 100-102°C). The presence of the N-acetyl group 
removes the problem of N-oxide formation and the oxidation 
produces a relatively clean product. 
,......nBu 
N 
~ ~N) 
I 
COCH3 
( 147) 
Scheme 74. 
mCPBA 
nBu, 
o::Y N 
I 
COCH3 
( 152) 
The stereochemistry of both the imine (147) and the 
spiro-oxaziridine (152), was assigned on the basis of their 
13 C nmr spectra. The same rationale was applied for these 
assignments as for the tetral-1-one derivatives (Chapter 1). 
The important signals are listed in Table 7. For comparison, 
the corresponding signals for the structurally related 
2-methyltetral-1-one (60c) and its imine and spiro-oxaziri-
dine derivatives (6le) and (62e) are also listed. 
The imine (147) was assigned the anti- configuration, 
as the signal for the C-3 carbon atom is at substantially 
higher field than the corresponding signal for the C-3 
carbon atom of the parent ketone. This indicates the pre-
sence of a shielding effect exerted by the N-alkyl group in 
this position. 
The spiro-oxaziridine (152) was assigned the syn-
configuration on the basis of the chemical shift of the C-3 
carbon atom, which is at lower field than would be expected 
if the N-alkyl group was exerting a shielding effect on 
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this position. The chemical shift of the signal for the 
quaternary C-4 carbon atom is similar to those observed 
for the C-1 quaternary signals of the syn- spiro-oxaziri-
dines examined in Chapter 1. 
TABLE 7. 13 C nmr data of compounds (146) and (60c) with 
their corresponding N-butylimines and spiro-
oxaziridines. 
0 0 
' 
" N 
• I I 
66: ., ~ 
s 4 
COCH 3 (60c) 
( 146) 
COHPOUND CHEMICAL SHIFT (ppm) 
4 3 4a 
Ketone (146) 196.87 43.46 124.05 
Imine (14 7) 163.25 32.80 127.88 
Spiro-oxaziridine (152) 84.52 35.70 127.50 
1 2 8a 
Ketone (60c) 200.70 42.64 132.47 
Imine (6le) 167.35 28.92 133.95 
Spiro-oxaziridine (62e) 85.78 34.72 131.71 
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The presence of a heteroatom in this system has a 
significant effect on the chemical shifts of the C-4a carbon 
atom and as a result, these signals do not provide any 
information regarding stereochemistry. 
The assignments of the configuration of the imine 
(147) and the spiro-oxaziridine (152) show that for this 
example, the presence of a heteroatom does not markedly 
effect the stereochemistry. 
The uv spectrum of the spiro-oxaziridine (152) was 
obtained (A 246 nm, (El570) ). The extinction coefficient max 
may be quoted with confidence because of the greater stabi-
lity of this system relative to the tetralone derivatives. 
The spiro-oxaziridine (152) was photolysed as a 0.2% 
ethanolic solution using a low pressure mercury-arc lamp 
for 36 hours, after which time, the spiro-oxaziridine (152) 
was no longer detectable by qualitative tlc. Three main 
fractions were separated from the photolysate by preparative 
tlc on silica gel (Scheme 75). 
0 
N 
CO H 
CH3 
( 153) 
+ 
Scheme 75. 
nBu-N 
w 
I 
COCH 3 
hV254nm! 
0 
He 
( 154) 
(152) 
nBu 
+ (I(N~=t 
I 
COCH 3 
( 155) 
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The 8-acetyl isomer (153) ~as isolated in 12% yield 
(m.p. 125-126°C). The infra-red spectrum produced two car-
bonyl absorption bands, (1645 cm-1 , Ar-CO-CHR 2 ) and (1670 
cm-1 , Ar-CO-CH3 ). The 
1 H nmr spectrum included evidence of 
the absence of a butyl moiety, an exchangeable amino proton 
(69.2) and three aromatic protons. The regie-chemistry of 
this compound was assigned unambiguously from the splitting 
pattern produced by the aromatic protons, 67.95 (dd, HA), 
66.65 (dd, HB) and 68.10(dd, H0 ), ( JAB 7Hz, JAG 2Hz, JBC 
7Hz). 
The 6-acetyl isomer (154) was isolated in 20% yield 
(m.p. 182-185°C). The infra-red spectrum produced two ear-
-l bonyl absorption bands at (1640 cm , Ar-CO-CHR 2 ) and (1660 
cm-1 , Ar-CO-CH 3 ). The 
1H nmr spectrum again showed the 
absence of a butyl moiety, an exchangeable amino proton 
(65.3) and the presence of three aromatic protons, which 
allowed the assignment of the regia-chemistry, 68.45 (d, HA) 
68.00(dd, HB) and 66.70 (d, H0 ), ( JAB 2Hz, JBC 8Hz). 
The 8-acetyl isomer (153) was observed by tlc to be 
less polar in nature than the 6-acetyl isomer (154). The 
lower polarity is readily explained by hydrogen bonding 
between the N-acetyl group on the aromatic ring and the 
nitrogen atom. 
The production of the two structural isomers (153) 
and (154), involves a photo-Fries type rearrangement 91 • 
This process has been reported for the photolysis of N-acyl 
anilines (Scheme 76) 92 • Both the rearrangement products 
(156) and (157) are observed. This reaction was shown to be 
not wholly intramolecular, since the exchange of the radical 
COCH 3 with other aromatic molecules was observed93. 
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Scheme 76. 
NH 2 ~2 &COCH3 
+ 
NHCOCH 3 CH 3 
( 156) COCH 3 
6· &NH 2 ( 157) I .. + ~ 
minor products 
The formation of the structural isomers (153) and (154) 
also involves a photo-fragmentation of the spiro-oxaziridine 
moiety, leading to the formation of the ketones and a short 
lived nitrene as previously discussed3 7 • 
The third fraction isolated from the photolysis of the 
spiro-oxaziridine (152), was an oil which could not be corn-
pletely purified by preparative tlc. The spectra produced 
by this fraction suggests the rearrangement product 1,5-
benzodiazepin-2-one (155) may be present. 
The infra-red spectrum contains two carbonyl absorption 
66 -1 6 -1 bands at 1 0 cm and 1 40 cm , which may indicate two 
amide groups. The 1 H nmr spectrum shows the presence of the 
N-butyl and N-acetyl groups and a low field multiplet at 
64.5 may be assigned to the N-methylene protons of the butyl 
group. The absence of a peri- hydrogen signal excludes the 
- 110 -
possibility of the presence of the regie-isomeric 2,5-
benzodiazepin-5-one system (158). 
The mass spectrum shows a molecular ion at m/z 274 
and a significant peak at m/z 203 (M-71), which may arise 
from a Mclafferty rearrangement with the loss of a methyl 
group (Scheme 77). 
Scheme 77. 
( 155) 
The mass spectra of all the 1-butyl-1-benzazepin-2-
ones (63b,d,e,f) obtained from the photolysis of tetralone 
derivatives in Chapter 1, showed similar Mclafferty re-
arrangements in support of this assignment. 
The presence of the regio-isomer (158) was not detected 
in the photolysate. However, the formation of low levels of 
this compound cannot be totally dismissed because of the 
complexity of the crude reaction mixture. Further work using 
a larger scale photolysis is necessary in order to increase 
the sample size. In this way the photo-product (155) may be 
fully characterised and the absence of (158) confirmed. 
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0 
N 
,...nBu 
N_A 
I 
COCH3 
{ 158) 
The composition of the photolysate produced from the 
spiro-oxaziridines of this type, may be simplified by the 
use of the N-tosyl derivative (159), which was not studied. 
nBu 
' ~ 
UN) 
I 
Ts 
{ 159 ) 
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CHAPTER SIX. VARIABLE TEMPERATURE 1 H NMR SPECTROSCOPIC 
STUDIES OF 1-BENZAZEPIN-2-0NE DERIVATIVES. 
An examination of the 1 H nmr spectrum of 4,5-dihydro-
1-butyl-1-benzazepin-(lH)-2-one (63b) revealed temperature 
phenomena. This compound (63b) was a product ?f the photo-
lysis of the n-butyl-spiro-oxaziridine (62b). 
The N-methylene group produces a signal at 63.9, which 
rather than the expected simple triplet pattern, appears 
as a poorly defined multiplet. The remainder of the spectrum 
appears suitably resolved at the normal machine operating 
temperature of +35°C. 
HA nBu 
:65:0 
' . . 
(63b) 
A dynamic process appears to be taking place in this 
system which involves a significant energy barrier to the 
normal rotation of the methylene carbon-nitrogen bond. 
This was studied in more detail by variable temperature 
proton nmr spectroscopy studies on the lactam (63b). 
The signal for the methylene group appears as a sharp 
triplet at +60°C and appears to coalesce at +10°C. Below 
+10°C, two distinct multiplets were observed at 64.35 and 
63.40 (Scheme 78). This shows that the two methylene protons 
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exist in two different chemical environments at this 
temperature. 
Scheme 78. 
4.5 4.0 3.5 3.0 2.5 2.0 
I I I 
+60°( A A 
+4QO( A A 
+1QO( ___ /---...'-______ /\_.._ __ _ 
The ring methylene group in position 5 was also studied 
by variable temperature 1 H nmr spectroscopy. The triplet 
assigned to this group at 62.75 coalesces at -5 °C. Below 
this temperature, the protons of this methylene group are 
resolved into two separate signals, indicating a barrier to 
the inversion of the seven-membered ring. 
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The use of the ~yring equation enables a rough eval-
uation of the energy barrier which brings about these 
temperature dependent signals. 
T0 c = ~emperature of coalescence ( K). 
ov = difference between resonance frequencies 
R = 
of the nuclei at temperatures below that of 
coalescence (Hz). 
gas constant (8.31JK-1 ). 
The ~G~ values of the N-methylene and the position 5 
methylene groups were 13.6 and 13.7 kcal mol-l respectively. 
The barrier to rotation of the N-CO bond recorded for the 
dimethylformamide (DMF) (160a) is 21 kcal mol-l 94. This 
arises from the double bond character of this bond as shown 
by the resonance hybrid (160b) (Scheme 79). 
H3c, ~o N-e~ 
H C/ 'H 3 
(160a) 
Scheme 79. 
The energy barrier to both the rotation of the N-alkyl 
group and the conformational inversion of the seven-mernbered 
ring of the benzazepinone system (63b), does not result 
from the double bond character of the N-CO bond of the 
lactam group. This is inferred from the low ~Gt value for 
these particular processes compared with that recorded for 
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DMF and other amides94. 
A more likely cause is steric restriction to the 
rotation of the N-CH 2R bond arising from an interaction 
between the peri- hydrogen (HA) and the substituents on 
the N-methylene carbon atom. The normal conformational 
mobility of the seven-membered ring is also impaired by 
this interaction. This brings about a temperature dependent 
signal in the 1 H nmr spectrum for the ring-methylene group. 
These suggestions are supported by molecular model studies. 
The investigation was extended by the preparation and 
subsequent variable temperature 1 H nmr analysis of a range 
of 1-benzazepin-2-one analogues in CDC1 3 • The same syn-
thetic strategy was employed in the preparation of these 
compounds (Scheme 80) as has been previously described 
(Scheme 38). 
The Beckmann rearrangement of the oxime (161) derived 
from tetral-1-one (60a) followed by N-alkylation of the 
resulting unsubstituted lactam (162) with the appropriate 
alkyl iodide, in the presence of NaH and DMF, allowed the 
convenient synthesis of the compounds listed in Table 895. 
0 
ro 
(60a) 
R 
I ~0 I ~ 
Scheme 80. 
• e 
NH 30H Cl 
RI I NaH 
DMF 
NOH 
ro ( 161 ) l PPA 
H 
I ~0 I ~ 
(162) 
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The application of the Eyring equation to the results 
obtained from the variable temperature proton nmr spectra-
scopy studies of the lactam analogues are presented in . 
Table 8. 
The relatively low 6G4 value observed for the N-methyl 
analogue indicates that the nature of the N-substituent is 
important. This is further substantiated by the fact that 
in the examination of the N-H analogue (162), the coalescence 
of the position-5 methylene group in this case was not 
observed at temperatures as low as -95°C. 
TABLE B. Variable temperature results of N-substituted 
1-benzazepin-2-ones. 
COMPOUND ( -N-CH2-R ) ( Ar-CH2 -R ) 
6v (H ) T°C 6Gf. 6v(H ) T°C 6Gf 
2 2 
Me (63a) - - - 13.4 -25 12.7 
Et (63g) 73.25 +5 13.2 15.4 -5 13.7 
nBu (63b) 87.50 +10 13.6 16.2 -5 13.7 
* (63h) iPr 32.20 +55 16.4 16.7 +50 16.6 
Bz (63c) 23.20 -5 13.5 6.0 -2 13.4 
G:f: • t k -l ~ un1 s are cal mol 
* Coalescence measured for ( -N-CH(CH 3 )2 ) 
The presence of the more bulky iso-propyl group 
increases the ~Gt value above that observed for systems 
which possess an N-CH2-R group. These results support the 
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suggestion that the energy barrier being observed by the 
temperature dependent 1 H nmr spectra is brought about by 
an interaction of the N-substituent with the peri- hydrogen 
atom (HA). 
---------------------------------------------------------------
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CHAPTER SEVEN EXPERIMENTAL. 
7.0. Instrumentation. 
The practical work presented in this thesis was carried 
out in the Department of Chemistry, The University of 
Loughborough between October 1982 and September 1985. 
7.0.(1). Infra-red Spectra. 
These were recorded either as neat films or as Nujol 
mulls, using a Perkin-Elmer 177 spectrometer. All spectra 
were calibrated using a polystyrene reference film. The 
following abbreviations were used to describe signal 
strengths where appropriate: 
(1-.1·) -weak, (br) -broad, (s) - strong, (v) -very strong. 
7.0.(2). Ultra-violet Spectra. 
These were recorded using a Pye-Unicam SP8100 uv-
visible spectrometer. All spectra were obtained using 
absolute ethanol as both solvent and reference liquid. 
7.0.(3). 1H nmr Spectra. 
The 60MHz spectra were recorded using a Varian EM360A 
spectrometer. The 90MHz spectra were recorded using a 
Perkin-Elmer R32 spectrometer. Variable temperature 90MHz 
spectra were achieved using the Perkin-Elmer R32 spectra-
meter fitted with a variable temperature probe. In all 
cases tetramethylsilane (TMS) was used as an internal 
standard. All spectral chemical shifts are quoted in o 
units (ppm). The following abbreviations are utilised in 
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the spectral interpretations: 
s - singlet, d - doublet, dd - doublet of doublets, 
t - triplet, q - quartet, m - multiplet. 
7.0.(4). 13 C nmr Spectra. 
These were recorded using a Bruker WP-80 spectrometer 
in the pulsed F.T. mode using TMS as internal standard. All 
spectra were recorded using deutero-chloroform as the 
solvent. 
7.0.(5). Accurate Mass Spectrometry. 
Measurements were carried out using a Kratos MS80 
spectrometer linked to a DS-55 data system. Both the 
measured and required masses are quoted together with the 
intensity of the measured peak. 
7.0.(6). Elemental Analyses. 
These were performed by the microanalytical depart-
ment of Manchester University. 
7.0.(7). Melting Points/ Boiling Points. 
Melting points were recorded using a Kopfler block 
apparatus and are uncorrected. Boiling points are quoted 
at the temperature and pressure at which the particular 
product was distilled and these are also uncorrected. 
7.0.(8). Chromatography. 
Preparative and analytical thin layer chromatography 
(tlc) was performed using Merck silica gel 60 PF254 and 366 
(70-230 mesh) using petroleum ether (40-60°) : diethyl ether 
as eluent unless otherwise stated. 
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Flash chromatography was carried out using Merck silica 
gel (230-400 mesh). 
Analytical gas chromatography (glc) was performed bn 
a Pye Series 104 gas chromatography machine using a flame 
ionisation detector and a 10% SE-30 on Chromasorb W column. 
Preparative reverse phase high performance liquid 
chromatography was carried out using an ODS hypersil reverse 
phase column and methanol : water mixtures as eluent. 
7.0.(9). Photolysis Apparatus. 
Where stated, photolyses carried out at 254nm were 
performed using a Hanovia low-pressure mercury-arc lamp in 
a quartz water-cooled jacket. Photolyses carried out at 
300nm were achieved using a Hanovia medium-pressure mercury 
arc lamp in a quartz water-cooled jacket. 
7.1.(1). Preparation of 2-methyltetral-1-one (60c). 
A solution of iron pentacarbonyl (18.0g, 0.09Mol) and 
potassium hydroxide (14.8g, 0.26Mol) in ethanol (400ml) 
was refluxed with stirring for 3 hours. A 40% aqueous 
solution of formaldehyde (7ml, 0.09Mol) and tetral-1-one 
(60a), (12.8g, 0.09Mol) were added dropwise and the mixture 
was then refluxed for a further 3 hours. The mixture was 
poured into water (1 litre), acidified with 2N hydrochloric 
acid, extracted with diethyl ether (3 x lOOml), dried over 
magnesium sulphate and the solvent removed in vacuo to give 
2-methyltetral-l-one47 (60c), (10.2g, 73%) purified by 
distillation (75°C / 0.25mm Hg), v (Neat) 1685 cm-1 (CO), 
max 
oH (90MHz; CDC13 ) 1.20 (3H, d, J8Hz, CH 3 ), 1.50-2.70 (3H, 
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m, 2-CH and 3-CH2 ), 2.90 (2H, m, 4-CH 2 ), 7.10-7.50 (3H, m, 
aromatic), 8.00 (lH, dd, 9Hz and 2Hz, 8-H); o0 see Table 2. 
7.1.(2). Preparation of 2,2-dimethyltetral-1-one (60d). 
Sodium metal (11.25g, 0.5Mol) was dissolved in dried 
t-butanol (lOOml) by refluxing for several hours. Tetral-
1-one (60a), (lOg, 0.07Mol) and methyl iodide (38.0g, 0.27 
Mol) in t-butanol (50ml) were added dropwise and refluxed 
for 1 hour before being poured into water (250ml), extracted 
with chloroform (3 x 50ml), dried over magnesium sulphate 
and the solvent removed in vacuo to give 2,2-dimethyltetral-
l-one48 (60d), (6.6g,55%), purified by distillation (104-
10600 I 2.8mm Hg), v (Neat) 1680 cm-1 (eo)'; oH (90MHz; 
max 
CDC1 3 ) 1.15 (6H, s, 2xCH3 ), 1.80 (2H, t, J6Hz, 3-CH2 ), 2.80 
(2H, t, J6Hz, 4-CH2 ), 6.85-7.30 (3H, m, aromatic), 7.80 
(lH, m, 8-H); o0 see Table 2. 
7.1.(3). Pieparation of the methylimine of tetral-1-one 
( 6la). 
A mixture of tetral-1-one (60a), (14.6g, O.lMol), 
heptamethyldisilazane (17.5g, O.llMol) and catalytic 
quantities (0.2g) of cadmium and zinc metal were heated to 
170°C in a bomb reactor (5,000 psi) for 40 hours, to give 
the imine (6la), (12.0g, 75%), recrystallised from petroleum 
ether (40-60°0) m.p. 37-39°0; v (Neat) 1640 cm-l (CN); 
max 
oH (90MHz; CDC13 ) 1.90 (2H, quintet, J6Hz, 3-CH2 ), 2.45 
(2H, t, J6Hz, 2-CH2 ), 2.73 (2H, t, J6Hz, 4-CH 2 ), 3.30 (3H, 
s, NGH 3), 7.00-7.35 (3H, m, aromatic), 8.10-8.20 (lH, m, 
8-H); o0 see Table 2; Accurate Mass [Found: m/z 159.1055 
- 122 -
7.1.(4). Preparation of the n-butylimine of tetral-1-one 
( 61 b). 
To a solution of tetral-1-one ( 60a), (1. Og, 6. 8mMol) and 
n-butylamine (2.6g, 36mMol) in benzene (75ml) was added 
para-toluene sulphonic acid (pTSA), (0.02g). The solution 
was refluxed for 2 hours using a Dean and Stark water 
separator before being washed with a 5% sodium hydrogen 
carbonate solution (2 x 50ml), dried over magnesium sulphate 
and the solvent removed in vacuo to give the imine (6lb), 
(1.3g, 94%) as a colourless oil, vmax (Neat) 1635 cm-l (CN); 
oH (90MHz; CDC13 ) 1.00 (3H, t, J6Hz, CH 3 ), 1.30-1.70 (4H, 
m, 2 x CH2 ), 1.85 (2H, quartet, J6Hz, 3-CH2 ), 2.50 (2H, t, 
J6Hz, 2-CH2), 2.75 (2H, t, J6Hz, 4-CH2 ), 3.40 (2H, t, J7Hz, 
NCH 2 ), 7.00-7.30 (3H, m, aromatic), 8.05-8.25 (lH, m, 8-H); 
oC see Table 2; Accurate Mass (Found: m/z 201.1519 (M+., 
12.50%) c14H19N requires M+. 201.1517). 
7.1.(5). Preparation of the benzylimine of tetral-1-one 
(6lc). 
The treatment of tetral-1-one (60a), (l.Og, 6.8mMol) 
and benzylamine (4.3g, 0.04Mol) as above (see 7.1.(4)), 
gave the benzylimine 96 (6lc), (1.4g, 90%) as a colourless 
oil, v (Neat) 1625 cm-l (CN); oH (90MHz; CDC13 ) 1.75 max 
(2H, quintet, J5Hz, 3-CH2 ), 2.40 (2H, t, J7Hz, 2-CH2 ), 
2.65 (2H, t, J6Hz, 4-CH2), 4.50 (2H, s, NCH2 ), 6.90-7.50 
(8H, m, aromatic), 8.10-8.30 (lH, m, 8-H); oC see Table 2. 
- 123 -
7.1.(6). Preparation of the n-butylimine of 6-methoxy-
tetral-1-one (6ld). 
The treatment of 6-methoxytetral-1-one (60b), (l.Og 
5.7mMol) and n-butylamine (2.5g, 0.03Mol) as above (see 
7.1.(4)), gave the n-butylimine (6ld), (1.2g, 91%) as a 
colourless oil after purification by distillation (150°C 
/ 0.05mm Hg), vmax (Neat) 1625 cm-l (CN); oH (90MHz; CDC13 ) 
1.00 (3H,t, J6Hz, CH 3 ), 1.30-1.80 (4H, m, 2 x CH 2 ), 1.90 
(2H, quintet, J6Hz, 3-CH2 ), 2.55 (2H, t, J6Hz, 2-CH2 ), 2.75 
(2H, t, J6Hz, 4-CH2 ), 3.45 (2H,t, J7Hz, NCH 2 ), 3.80 (3H, 
s, OCH 3 ), 6.60 (lH, d, J2 Hz, 5-H), 6.80 (lH, dd, JllHz and 
2Hz, 7-H), 8.15 (lH, d, JllHz, 8-H); o0 see Table 2; 
Accurate Mass [Found: m/z 231.1616 (M+., 22.45%) cl5H21N 
requires M+. 231.1623 J. 
7.1.(7). Preparation of the n-butylimine of 2-methyltetral-
1-one ( 6le). 
To a sol uti on of 2 -methyl tetral-1-one ( 60c), ( 5. Og, 
0.03Mol) and n-butylamine (22g, 0.3Mol) in dry benzene 
(lOOml) at 0-5°C was added titanium tetrachloride (l.Og, 
5.0mMol) dropwise under an atmosphere of nitrogen. After 
stirring for one hour, benzene (50ml) and water (5ml) were 
added, the mixture was filtered through celite, dried over 
magnesium sulphate and the solvent removed in vacuo to give 
the n-butylimine (6le), (4.9g, 76%) as a yellow oil, v 
max 
(Neat) 1630 cm-l (CN); oH (90MHz; CDC13 ) 1.00 (3H,t, J6Hz, 
CH 3 ), 1.10 (3H, d, J7Hz, 2-CH 3 ), 1.30-2.20 (6H, m, 3 x CH 2 ), 
2.50-3.40 (3H, m, 2-H and 4-CH2 ), 3.60 (2H, t, J6Hz, NCH 2 ), 
7.10-7.35 (3H, m, aromatic), 8.20-8.35 (lH, m, 8-H); o0 
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see Table 2; Accurate Mass [Found: m/z 215.1673 (M+., 37.43%) 
c15H21N requires M+. 215.1674 ] • 
7.1.(8). Preparation of the n-butylimine of 2,2-dimethyl-
tetral-1-one (6lf). 
The treatment of 2,2-dimethyltetral-1-one (60d), (5.0g, 
28.7mMol) and n-butylamine (12.6g, 0.17Mol) as above (see 
7.1.(4)) gave the butylimine (6lf), (3.9g, 60%) as a colour-
less oil after purification by distillation (140°C / 2.5mm 
Hg), v (Neat) 1630 cm-l (CN); oH (90MHz; CDC1 3 ) 0.85 max 
(3H, t, J6Hz, CH 3 ), 1.15 (6H, s, 2 x CH3 ), 1.15-2.00 (4H, 
m, 2 x CH2 ), 1.80 (2H, t, J6Hz, 3-CH2 ), 2.80 (2H, t, J6Hz, 
4-CH2 ), 3.70 (2H, t, NCH 2 ), 7.25 (4H, m, aromatic), cC see 
Table 2; Accurate Mass [Found: m/z 229.1828 (M+., 6.03%) 
c1 6H 23N requires M+. 229.1830] • 
7.1.(9). Oxidation of the methylimine (6la). 
A mixture of the methylimine (6la), (2.0g, 0.013Mol) 
meta-chloroperbenzoic acid (2.5g, O.Ol4Mol) and sodium 
hydrogen carbonate (2.0g) in dichloromethane (50ml) at 0°C 
under an atmosphere of nitrogen was stirred for 2 hours 
before being washed with 5% sodium sulphite solution (2 x 30 
ml), dried over magnesium sulphate and the solvent removed 
in vacuo to give a crude oil. Purification by preparative 
tlc on silica gel, gave the syn- spiro-oxaziridine (62a), 
---- ---------------------------(0.85g, 39%) as an unstable straw coloured oil, v (Neat) 
max 
1450 cm-l; oH (90MHz; CDC1 3 ) 1.90-2.30 (4H, m, 2 x CH 2 ), 
2.50 (3H, s, NCH 3 ), 2.90 (2H, t, J6Hz, 4-CH2 ), 7.10-7.50 
(4H, m, aromatic); cC see Table 4; Accurate Mass [Found: m/z 
175.0992 (M+. , 12.81%) c11H13No requires M+. 175.0997]. 
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and the anti- spiro-oxaziridine (62a), (0.16g, 7%) as an 
unstable straw-coloured oil, v (Neat) 1450 cm-1 ; oH 
max 
(90MHz; CDC1 3 ) 1.90-2.40 (4H, m, 2-CH2 and 3-CH2 ), 2.90 
(3H, s, NCH 3 ), 2.90 (2H, t, J6Hz, 4-CH 2 ), 7.05-7.50 (4H, 
m, aromatic) ; o0 see Table 4; Accurate Mass [Found: m/z 
175.0990 (M+., 22.81%) c11H13No requires M+. 175.0997]. 
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7.1.(10). Oxidation of the n-butylimine (6lb). 
The oxidation of the n-butylimine (6lb), (l.Og, 5.0 
mMol) as above (see 7.1.(9)) gave the syn- spiro-oxaziridine 
(62b), (0.46g, 43%) as an unstable colourless oil, v 
max 
(Neat) 1450 cm-l, 1350 cm-1 ; oH (90MHz; CDC13 ) 0.80 (3H, 
t, J6Hz, CH 3), 1.10-1.60 (4H, m, 2 x CH 2 ), 1.60-2.80 (6H, 
m, 3 x CH2 ), 2.90 (2H, t, J6Hz, 4-CH2 ), 7.10-7.40 (4H, m, 
aromatic); oC see Table 4; Accurate Mass [Found: m/z 217. 
1471 (M+., 9.40%) c14H19No requires M+. 217.1467], and the 
anti- spiro-oxaziridine (62b), (0.12g, 11%) as an unstable 
1 -1 
colourless oil, v (Neat) 1450 cm- , 1350 cm ; oH (90MHz; 
max 
CDC1 3 ) 0.95 (3H, t, J6Hz, CH3 ), 1.20-1.85 (6H, m, 3 x CH 2 ), 
1.90-3.10 (6H, m, 3 x CH 2 ) 7.10-7.30 (3H, m, aromatic), 
7.40-7.50 (lH, m, 8-H); oC see Table 4 ; Accurate Mass 
(Found: m/z 217.1471 (M+., 12.84%) c14H19NO requires M+. 
217.1467]. 
7.1.(11). Oxidation of the benzylimine (6lc). 
The oxidation of the benzylimine (6lc), (l.Og, 4.3mMol) 
as above (see 7.1.(9)), gave the syn- spiro-oxaziridine (62c) 
(0.33g, 31%) as an unstable colourless oil, v (Neat) 
max 
1450 cm-l; oH (90MHz; CDC1 3 ) 1.60-2.20 (4H, m, 2 x CH2 ), 
2.60-2.90 (2H, m, 4-CH 2 ), 3.85 (2H, dd, J40Hz and 14Hz, 
NCH 2 ), 6.90-7.60 (9H, m, aromatic); oC see Table 4; Accurate 
Mass (Found: m/z 251.1326 (M+., 25.65%) c17H17No requires 
M+. 251.1310] and the anti- spiro-oxaziridine (62c), (0.14g, 
13%) as an unstable colourless oil, vmax (Neat) 1450 cm-1 ; 
0 H ( 9 0 MH z ; CD C 13 ) 1 • 9 0-2 • 5 0 ( 4H , m, 2 x CH 2 ) , 2. 9 0 ( 2H , t , 
J6Hz, 4-CH 2), 4.15 (2H, s, NCH 2 ), 7.00-7.60 (9H, m, aromatic); 
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oc see Table 4; Accurate Mass [Found: m/z 251.1316 (M+., 
68.04%) c17H17NO requires M+. 251.1310). 
7.1.(12). Oxidation of the n-butylimine (6ld). 
The oxidation of the n-butylimine (6ld), (l.Og, 4.3mMol) 
as above (see 7.1.(9)), gave the~ spiro-oxaziridine 
(62d), (0.44g, 42%) as an unstable straw coloured oil, v 
max 
) -1 ) ( ) (Neat 1450 cm ; oH (90MHz; CDC1 3 0.80 3H,t, J6Hz, CH 3 , 
1.20-1.60 (6H, m, 3 x CH2 ), 2.60-2.80 (2H, m, NCH 2 ), 2.90 
(2H, t, J6Hz, 4-CH2 ), 3.80 (3H, s, OCH3), 6.70-6.85 (2H, m, 
5-H and 7-H), 7.25 (lH, d, JlOHz, 8-H); oC see Table 4 ; 
Accurate Mass [Found: m/z 247.1568 (M+., 10.25%) c15H21NO 
requires M+. 247.1572 ] • 
7.1.(13). Oxidation of the n-butylimine (6le). 
The oxidation of the n-butylimine (6le), (l.Og, 4.7mMol) 
as above (see 7.1.(9)), gave the syn- spiro-oxaziridine 
-
( 62e), ( 0. 57g, 53%) as an unstable colourless oil, v 
max 
(Neat) 1465 cm-l; oH (90MHz; CDC1 3 ) 0.75 (3H, t, J6Hz, CH 3 ), 
0.90 (3H, d, J7Hz, 2-CH3), 1.10-1.50 (4H, m, 2 x CH 2 ), 1.70-
3.10 (7H, m, alkyl), 7.00-7.40 (4H, m, aromatic); oC see 
Table 4; Accurate Mass [Found: m/z 231.1616 (M+., 17.20%) 
c15H21NO requires M+. 231.1623 ]. 
7.1.(14). Oxidation of the n-butylimine (6lf). 
The oxidation of the n-butylimine (6lf), (l.Og, 4.4mMol) 
as above (see 7.1.(9)), gave the~ spiro-oxaziridine 
(62f), (0.62g, 58%) as an unstable colourless oil, v (Neat) 
max 
1455 cm-1 ; oH (90MHz; CDC13 ) 0.75 (3H, t, J6Hz, CH3 ), 0.90 
(3H, s, 2-CH3), 1.00 (3H, s, 2-CH3), 1.10-1.50 (4H, m, 
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2 x CH2 ), 1.60-2.80 (4H, m, NCH 2 and 3-CH2 ), 2.85-3.05 
(2H, m, 4-CH2 ), 7.05-7.45 (4H, m, aromatic); oC see Table 4; 
Accurate Mass [Found: m/z 245.1781 (M+., 11.27%) c16H23No 
requires M+ • 245.1780 ] • 
7.1.(15). Thermal studies on the n-butylspiro-oxaziridine 
( 62b). 
A solution of the syn- spiro-oxaziridine (62b), (50mg, 
-
0.2mMol) in toluene (25ml) was refluxed for 1 hour before 
removing the toluene in vacuo. Purification by preparative 
tlc on silica gel gave the syn-spiro-oxaziridine (62b), 
(15mg, 30%) and the anti- spiro-oxaziridine (62b), (25mg, 
50%). Similar treatment of the anti- spiro-oxaziridine (62b), 
(50mg, 0.2mMol) gave only reduced levels of the starting 
material (25mg, 50%). 
7.1.(16). Thermal studies on the benzylspiro-oxaziridine 
(62c). 
The treatment of the syn- spiro-oxaziridine (62c), 
(50mg, 0.2mMol) as above (see 7.1.(15)), gave starting 
Baterial (35mg, 70%) and the anti- spiro-oxaziridine (62c), 
(17mg, 30%). 
7.1.(17). Thermal studies on the n-butylspiro-oxaziridine 
(62e). 
The treatment of the syn- spiro-oxaziridine ( 62e), (50 
mg, 0.2mMol) as above (see 7.1. (15)), gave only reduced 
levels of starting material (25mg, 50%). 
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7.1.(18). Photolysis of the syn-spiro-oxaziridine (62a). 
A solution of the syn- spiro-oxaziridine (62a), (0.2g, 
l.lmMol) in degassed absolute ethanol (lOOml) was irradiated 
at 254nm for 24 hours. The solvent was removed in vacuo and 
purification by preparative tlc on silica gel gave a mixture 
of the lactams ( 63a) and ( 64a), (22mg, 11%) as a yellow oil. 
Glc analysis gave a 1 : 1 ratio of (63a) : (64a); 
58 . -1 1-methyl-1-benzazepin-2-one (63a), v (Neat) 1655 cm 
max 
(br), (CONR); oH (90MHz; CDC1 3 ) 2.15-2.45 (4H, m, 3-CH2 and 
4-CH2 ), 2.75 (2H, t, J6Hz, 5-CH2 ), 3.40 (3H, s, NCH 3 ), 6.90-
7.20 (4H, m, aromatic); 
2-methyl-2-benzazepin-1-one (64a), v (Neat) 1625 cm-1 
max 
(br), (CONR); oH (60MHz; CDC1 3 ) 1.80-2.20 (2H, m, 4-CH2 ), 
2.50-2.80 (2H, m, 5-CH2 ), 3.00 (3H, s, NCH 3), 3.05 (2H, t, 
J6Hz, 3-CH2 ), 6.80-7.20 (3H, m, aromatic), 7.30-7.50 (lH, m, 
9-H); Accurate Mass [Found: m/z 175.0995 (M+., 9.27%) 
c11H13No requires M+. 175.0997) • 
7.1.(19). Photolysis of the anti- spiro-oxaziridine (62a). 
The treatment of the anti- spiro-oxaziridine (62a) 
(0.2g, l.lmMol) as above (see 7.1.(18)), gave a mixture of 
the lactams (63a) and (64a), (26mg, 13%) as a yellow oil. 
Glc analysis gave a 4 : 96 ratio of (63a) : (64a). 
7.1.(20). Photolysis of the syn- spiro-oxaziridine (62b). 
The treatment of the syn- spiro-oxaziridine (62b), 
(0.2g, 0.9mMol) as above (see 7.1.(18)), gave a mixture of 
the lactams (63b) and (64b), (56mg, 28%) as a yellow oil. 
Glc analysis gave a 77.5 : 22.5 ratio of (63b) : (64b). 
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Isolation of the regia-isomers was by R.P.H.P.L.C.; 
1-butyl-1-benzazepin-2-one (63b), vmax (Neat) 1640 cm-1 , 
(CONR); oH (90MHz; CDC1 3 ) 0.90 (3H, t, J6Hz, CH 3), 1.10-
1.80 (4H, m, 2 x CH 2 ), 2.00-2.40 (4H, m, 3-CH2 and 4-CH2 ), 
2 • 6 0-2 • 9 0 ( 2H , m , 5- CH 2 ) , 3 • 7 0- 4 • 0 0 ( 2H , m , N CH 2 ) , 7 • 0 0-
7.40 (4H, m, aromatic); Mass Spectrum [Found: m/z 217 
(M+., 70%) c14H19No requires M+. 217]. 
2-butyl-2-benzazepin-1-one (64b), v (Neat) 1620 cm-1 , 
· max 
(CONR); oH (90MHz; CDC1 3) 1.00 (3H, t, J6Hz, CH3 ), 1.20-
1.80 (4H, m, 2 x CH2 ), 2.05 (2H, quintet, J6Hz, 4-CH2 ), 2.80 
(2H, t, J6Hz, 5-CH2 ), 3.20 (2H, t, J6Hz, 3-CH2 ), 3.60 (2H, 
t, J6Hz, NCH 2 ), 7.00-7.45 (3H, m, aromatic), 7.65-7.75 (lH, 
m, 9-H): Accurate Mass [Found: m/z 217.1471 (M+., 54.39%) 
c14H19NO requires M+ • 217.1467 ) • 
7.1.(21). Photolysis of the anti- spiro-oxaziridine (62b). 
The treatment of the anti- spiro-oxaziridine (62b), 
(0.2g, 0.9mMol) as above (see 7.1.(18)), gave the 2-benz-
azepin-1-one (64b), (50mg, 25%). 
7.1.(22). Photolysis of the syn- spiro-oxaziridine (62c). 
The treatment of the syn- spiro-oxaziridine (62c), 
(0.2g, 0.8mMol) as above (see 7.1.(18)), gave a mixture of 
the lactams ( 63c) and ( 64c), ( 54mg, 27%) as a yellow oil. 
Glc analysis gave a 61 : 39 ratio of (63c) : (64c); 
l-benzyl-l-benzazepin-2-one97 (63c), vmax (Neat) 1665 cm-l 
(br), (CONR); oH (90MHz; CDC1 3 ) 2.20 (2H, quintet, J6Hz, 
4-CH2 ), 2.35 (2H, t, J6Hz, 3-CH2 ), 2.55 (2H, t, J6Hz, 5-CH2 ), 
5.05 (2H, s, NCH 2 ), 7-10-7.40 (9H, m, aromatic); Accurate 
Mass [Found: m/z 251.1327 (m+., 1.26%) c17H17NO requires 
M+. 251.1310 ]. 
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2-benzyl-2-benzazepin-l-one98 (64c), \) max (Neat) 1640 
-1 cm 
(br), (CONR); oH (90MHz; CDC1 3 ) 1.80 (2H, quintet, J6Hz, 
4-CH2 ), 2.75 (2H, t, J6Hz, 5-CH2 ), 3.20 (2H, t, J6Hz, 3-CH2 ), 
4.80 (2H, s, NCH 2 ), 7.30-7.50 (8H, m, aromatic), 7.70-7.85 
+ (lH, m, 9-H); Accurate Mass (Found: m/z 251.1301 (M ·, 18.0%) 
c17H17No requires M+. 251.1310). 
7.1.(23). Photolysis of the anti- spiro-oxaziridine (62c). 
The treatment of the anti- spiro-oxaziridine (62c), 
(0.2g, 0.9mMol) as above (see 7.1.(18)), gave the 2-benz-
azepin-1-one (64c), (44mg, 22%). 
7.1.(24). Photolysis of the syn- spiro-oxaziridine (62d). 
The treatment of the syn- spiro-oxaziridine (62d), 
-
(0.2g, 0.8mMol) gave a mixture of the lactams (63d) and 
(64d), (40mg, 20%) as a yellow oil. Glc analysis gave a 
70 : 30 ratio of (63d) : (64d); 
1-butyl-7-methoxy-1-benzazepin-2-one (63d), vmax (Neat) 
1640 cm-l (b:;o), (CONR); oH (90MHz; CDC1 3 ) 0.85 (3H, t, J6Hz, 
CH 3), 1.10-1.70 (4H, m, 2 x CH2 ), 2.10-2.35 (4H, m, 2 x CH2 ), 
2.70 (2H, t, (br), J6Hz, 5-CH2 ), 3.80 (3H, s, OCH 3 ), 6.80 
(lH, d, J2Hz, 6-H), 6.85 (lH, dd, J9Hz and 2Hz, 8-H), 7.15 
(lH, d, J9Hz, 9-H); Accurate Mass [Found: m/z 247.1571 
(M+ •, 13.51%) c15H21 N02 requires M+. 24 7.1572 ] ; 
2-butyl-7-methoxy-2-benzazepin-1-one (64d), vmax (Neat) 
1625 cm-l (br), (CONR); oH (90MHz; CDC1 3 ) 1.00 (3H, t, J6Hz, 
CH 3), 1.20-1.80 (4H, m, 2 x CH2 ), 2.05 (2H, quintet, J6Hz, 
4-CH2 ), 2.80 (2H, t, J6Hz, 5-CH2 ), 3.25 (2H,t, J6Hz, 3-CH2 ), 
3.60 (2H, t, J6Hz, NCH 2 ), 3.85 (3H, s, OCH 3), 6.70 (lH, d, 
J3Hz, 6-H), 6.85 (lH, dd, J8Hz and J3Hz, 8-H), 7.70 (lH, d, 
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J8Hz, 9-H); Accurate Mass [Found: m/z 247.1569 (M+., 48.19%) 
c15H21No2 requires M+. 247.1572 ) • 
7.1.(25). Photolysis of the syn- spiro-oxaziridine (62e). 
The treatment of the syn- spiro-oxaziridine (62e), 
(0.2g, 0.9mMol) as above (see 7.1.(18)), gave a mixture of 
the lactams (63e) and (64e), (62mg, 31%) as a yellow oil. 
Glc analysis gave a 52 : 48 ratio of (63e) : (64e); 
1-butyl-3-methyl-1-benzazepin-2-one (63e), v (Neat) max 
1655 cm-l (br), (CONR); oH (90MHz; CDC13 ) 0.90 (3H, t, J6Hz, 
CH 3), 1.05 (3H, d, J6Hz, 3-CH3), 1.10-1.70 (4H, m, 2 x CH2 ), 
1.90-3.10 (5H, m, 3-CH, 4-CH 2 and 5-CH2 ), 3.30-3.65 and 
4.15-4.45 (2H, doublet of multiplets, J75Hz, NCH 2 ), 7.05-
7.45 (4H, m, aromatic); Accurate Mass (Found: m/z 231.1625 
(M+., 5.02%) c15H21NO requires M+. 231.1623 J. 
2-butyl-3-methyl-2-benzazepin-1-one (64e), v (Neat) max 
1620 cm-l (br), (CONR); oH (90MHz; CDC13 ) 1.00 (3H, t, J6Hz, 
CH 3), 1.25 (3H, d, J6Hz, 3-CH3 ), 1.20-1.80 (4H, m, 2 x CH 2 ), 
1.85-2.10 (2H, m, 4-CH2 ), 2.65-2.95 (2H, m, 5-CH2 ), 3.65-
4.30 (3H, m, NCH 2 and NOH), 7.05-7.45 (3H, m, aromatic), 
7.60-7.75 (lH, m, 9-H); Accurate Mass (Found: m/z 231.1624 
(M+., 3.94%) c15H21NO requires M+. 231.1623). 
7.1.(26). Photolysis of the syn- spiro-oxaziridine (62f). 
The treatment of the syn- spiro-oxaziridine (62f), 
(0.2g, 0.9mMol) as above (see 7.1. (18)), gave 1-butyl-3,3-
dimethyl-1-benzazepin-2 -one ( 63f), ( 20mg, 10%) as a yellow 
oil, vmax (Neat) 1645 cm-l (br), (CONR); oH (90MHz; CDC1 3 ) 
0. 9 5 ( 3H, t, J 6Hz, CH 3 ) , 0. 9 5 ( 6H, s, 2 x CH 3 ) , 1. 2 0-1. 8 0 
(4H, m, 2 x CH 2 ), 2.05 (2H, t, J6Hz, 4-CH 2 ), 2.75 (2H, t, 
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J6Hz, 5-CH2 ), 3.95 (2H, t, J6Hz, NCH 2 ), 7.20-7.40 (4H, m, 
aromatic); Accurate Mass [Found: m/z 245.1778 (M+., 31.95%) 
c16H23No requires M+. 245.1780 ] • 
7.1.(27). Photolysis of the syn- spiro-oxaziridine (62b) 
in cyclohexane. 
A solution of the syn- spiro-oxaziridine (62b), (0.2g, 
l.lmMol) in degassed cyclohexane (lOOml) was irradiated at 
254nm for 24 hours. The solvent was removed in vacuo and 
purification by preparative tlc on silica gel gave a mixture 
of the lactams (63b) and (64b), (6.0mg, 3%) as a yellow oil. 
Glc analysis of the mixture gave a 75 : 25 ratio of (63b) 
: (64b). 
7.1.(28). Preparation of the lactams (69) and (70) via the 
Beckmann rearrangement. 
To a solution of 6-methoxytetral-1-one (60b), (l.Og, 
5.7mMol) in pyridine (lOml) was added hydroxylamine hydro-
chloride (l.Og, 30mMol) in water (lOml) and absolute ethanol 
(lOml) and the mixture was stirred for 1 hour before being 
poured onto water (lOOml), extracted with diethyl ether 
(3 x 50ml), washed with 2N hydrochloric acid (2 x 30ml), 
dried over magnesium sulphate and the solvent removed in 
vacuo to give the oxime 57 (68) as a yellow solid (0.98g, 
90%). The oxime (68) was added to polyphosphoric acid (20g) 
previously heated to 130°0 and after 30 minutes was poured 
into ice-water (lOOg), extracted with diethyl ether (3 x 
50ml), washed with 5% sodium hydrogen carbonate solution 
(2 x 50ml), dried over magnesium sulphate and the solvent 
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removed in vacuo to give a mixture of the lactams (69) and 
(70), separated by preparative tlc on silica gel; 
1-benzazepin-2-one (69), (0.55g, 48%) m.p. 141-142°C (Lit. 
143-144°C 57 ), recrystallised from acetone : petroleum ether 
(40-60°C), v (Nujol Mull) 1660 cm-l (CONR); oH (60MHz; max 
CDC1 3) 2.00-2.40 (4H, m, 3-CH2 and 4-CH2 ), 2.70 (2H, t, J6Hz 
5-CH 2 ), 3.75 (3H, s, OCH3 ), 6.60-7.00 (3H, m, aromatic); 
2-benzazepin-1-one (70), (0.37g, 32%) m.p. 160-161°C (Lit. 
159-160°c 57 ), recrystallised from acetone : petroleum ether 
(40-60°C), v (Nujol Mull) 1640 cm-l (CONR); oH (60MHz; 
max 
CDC1 3 ) 1.90 (2H, quintet, J6Hz, 4-CH 2 ), 2.80 (2H, t, J6Hz, 
5-CH2 ), 3.10 (2H, t, J6Hz, 3-CH2 ), 3.80 (3H, s, OCH 3 ), 6.70-
6.75 (lH, d, J3Hz, 6-H), 6.80 (lH, dd, J8Hz and 3Hz, 8-H), 
7.70 (lH, d, J8Hz, 9-H). 
7.1.(29). Alkylation of the lactam (69). 
To a solution of the lactam (69), (0.5g, 2.8mMol) in 
DMF (50ml) was added sodium hydride, (0.4g, 16.7mMol), the 
mixture was stirred for 1 hour under an atmosphere of nitro-
gen before n-butyl iodide (0.6g, 3.3mMol) in DMF (lOml) was 
added dropwise. The mixture was stirred for a further 2 
hours before being poured into water (50ml), extracted with 
diethyl ether (3 x 30ml), dried over magnesium sulphate and 
the solvent removed in vacuo. Purification of the resultant 
black oil by preparative tlc on silica gel, gave 1-butyl-
7-methoxy-1-benzazepin-2-one (63d), (0.4g, 60%). 
7.1.(30). Alkylation of the lactam (70). 
The treatment of the lactam (70.), (0.5g, 2.8mMol) as 
above (see 7.1.(29)), gave 2-butyl-7-methoxy-2-benzazepin-
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l-one (64d), (0.42g, 60%). 
7.1.(31). Partial Photolysis of the syn- spiro-oxaziridine 
( 62b) • 
A solution of the~ spiro-oxaziridine (62b), (0.2g, 
0.9mMol) in degassed absolute ethanol (lOOml) was irradiated 
at 254nm. The photolysis was monitored by the analysis of 
aliquots removed at intervals of 15 minutes. The photolysis 
was stopped when the photo-products (63b) and (64b) were 
detectable by tlc. Upon removal of the solvent in vacuo, 
there was no evidence found by 1 H nmr or by preparative tlc 
of the anti- spiro-oxaziridine (62b). 
7.2.(1). Preparation of the n-butylimine of indan-1-one 
(74). 
The treatment of indan-1-one (73), (l.Og, 7.6mMol) and 
n-butylamine (5.5g, 76.0mMol) as above (see 7.1.(4)), gave 
the imine (74), (1.3g, 92%) as a yellow oil, v (Neat) 
max 
1660 cm-l (CN); oH (60MHz; CDC13 ) 0.85 (3H, t, J6Hz, CH 3 ), 
1.20-1.90 (4H, m, 2 x CH2 ), 2.30-2.65 (2H, m, 2-CH2 ), 2.65-
3.00 (2H, m, 3-CH2 ), 3.30 (2H, t, J6Hz, NCH 2 ), 7.00-7.40 
(3H, m, aromatic), 7.50-7.85 (lH, m, 7-H); o0 see Table 6; 
Accurate Mass [Found: m/z 187.1362 (M+., 33.06%) c13H17N 
requires M+. 187.1361 ] • 
7.2.(2). Oxidation of the n-butylimine (74). 
The treatment of the imine (74), (l.Og, 5.3mMol) as 
above (see 7.1.(9)), gave the spiro-oxaziridine (75), (O.lg, 
10%) as an unstable green oil, v (Neat) 1460 
max 
-1 
cm , . 
1360 -1 cm 
- 135 -
oH (90MHz; CDC1 3 ) 0.85 (3H,t, J6Hz, CH 3 ), 1.10-
1.75 (4H, m, 2 x CH2 ), 2.10-3.20 (6H, m, NCH 2 , 2-CH2 and 
3-CH2 ), 7.20-7.50 (4H, m, aromatic); cC see Table 6; 
Accurate Mass (Found: m/z 203.1316 (M+., 24.70%), c13H17NO 
requires M+ • 203.1310 ] ; and indan-1-one ( 73), ( 0. 080g, 12%) 
and 2-hydroxyindan-l-one60 (77), (0.086g, 11%) m.p. 44-47°C 
(Lit. 60 38'-40°C) recrystallised from acetone, v (Nujol 
---- max 
) -1 ( ) -1 ( ) .r (9 ) Mull 3400 cm OH , 1710 cm CO ; uH OMHz; CDC1 3 
3.00 (lH, dd, Jl6Hz and 8Hz, 3-HA), 3.60 (lH, dd, Jl6Hz and 
5Hz, 3-HB), 4.30 (lH, m, OH), 4.50 (lH, dd, J8Hz and 5Hz, 
2-H), 7.20-7.60 (3H, m, aromatic), 7.60-7.80 (lH, m, 7-H); 
Accurate Mass (Found: m/z 148.0523 (M+., 100.0%) c9H8o2 
requires M+. 148.0524 ] • 
7.2.(3). Photolysis of the crude product of oxidation of 
the n-butylimine of indan-1-one. 
A solution of the oxidation product from 7.2.(2), 
(0.25g) in degassed absolute ethanol (125ml) was irradiated 
for 4 hours at 254nm before the solvent was removed in vacuo. 
Purification by preparative tlc on silica gel gave 2-hydroxy-
indan-1-one (77), (0.025g, 10%w/w) and 2-butyl-3,4-dihydro-
3-hydroxyisoquinolin-1-one (78), (0.075g, 30%w/w) m.p. 101-
1030C recrystallised from petroleum ether (40-60°C) : diethyl 
ether, v (Nujol Mull) 3380 cm-l (OH), 1640 cm-1 (CONR); max 
oH (90MHz; CDC1 3 ) 0.95 (3H, t, J6Hz, CH3 ), 1.20-1.90 (4H, 
m, 2 x CH 2 ), 3.00-4.10 (4H, m, NCH2 and 4-CH 2 ), 5.20 (lH, 
m, 3-H), 7.20-7.50 (3H, m, aromatic), 8.00-8.10 (lH, m, 8-H). 
This material dehydrated spontaneously to give 2-butyliso-
quinolin-1-one (80), (0.07g, lOO%) as a yellow oil, vmax 
(Neat) 1650 cm-l (CONR); oH (90MHz; CDC1 3) 0.95 (3H, t, 
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J6Hz, CH3 ), 1.20-1.80 (4H, m, 2 x CH2 ), 4.05 (2H, t, J6Hz, 
NCH 2 ), 6.50 (lH, d, J7Hz, 3-H), 7.10 (lH, d, J7Hz, 4-H), 
7.40-7.70 (3H, m, aromatic), 8.40-8.55 (lH, m, 8-H); 
Accurate Mass[Found: m/z 201.1161 (M+., 57.83%) c13H15No 
requires M+· 201.1154 ] • 
7.3.(1). Preparation of the N-methylnitrone (82). 
A mixture of indan-1-one (73), (l.Og, 7.6mMol) N-methyl-
hydroxylamine hydrochloride (0.64g, 7.7mMol) and sodium 
hydrogen carbonate in absolute ethanol (50ml) was refluxed 
with stirring for 15 hours. Filtration and removal of the 
solvent in vacuo, gave a crude solid recrystallised from 
acetone to give the nitrone (82), (0.49g, 40%) as white 
needles; m.p. 148-150°0, v (Nujol Mull) 1450 cm-1 ; 
max 
A 320nm (E9200), 310nm (El0200), 296nm (E8700); oH (90MHz; 
max 
CDC1 3 ) 2.50-2.95 (2H, m, 2-CH2 ), 2.95-3.20 (2H, m, 3-CH2 ), 
3.70 (3H, s, NCH 3 ), 7.15-7.55 (3H, m, aromatic), 8.75-8.90 
(lH, m, 7-H); Accurate Mass (Found: m/z 161.0843 (M+., 
62.09%) c10H11NO requires M+. 161.0841); Elemental Analysis 
[Found: C, 74.3; H, 7.1; N, 9.1%; c10H11NO requires C, 74.5; 
H, 6.8; N, 8.7%]. 
7.3.(2). Photolysis of the N-methylnitrone (82). 
A solution of the N-methylnitrone (82), (0.2g, 1.2mMol) 
in degassed absolute ethanol (100m1) was irradiated at 300nm 
for 1 week before the solvent was removed in vacuo. Purifi-
cation by preparative tlc on silica gel gave indan-1-one 
(73), (0.13g, 80%) and 3,4-dihydro-2-methy1isoquinolin-l-
one67 (84), (0.02g, 10%) as a yellow oil, v (Neat) 
max 
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1640 cm-l (CONR); oH (60MHz; CDC1 3 ) 2.70-3.20 (2H, m, 4-CH2 ), 
3.10 (3H, s, NCH 3 ), 3.30-3.70 (2H, m, 3-CH2 ), 7.00-7.40 
(3H, m, aromatic), 7.90-8.10 (lH, m, 8-H); Mass Spectrum 
[Found: m/z 161 (M+., 17.47%) c10H11NO requires 161). 
7.3.(3). Preparation of the N-methylnitrones (86) and (87). 
A solution of tetral-1-one (60a), (l.Og, 6.8mMol) and 
N-methylhydroxylamine hydrochloride (0.9g, 10.8mMol) in 
pyridine (25ml) was stirred under nitrogen at room tempera-
ture, in the dark for 48 hours. The mixture was then poured 
into water (lOOml), extracted with chloroform (3 x 50ml), 
dried over magnesium sulphate and the solvent was removed 
in vacuo. Purification by flash column chromatography on 
silica gel, using petroleum ether (40-60°C) : diethylether 
as eluent, gave a mixture of nitrones having a 1 : 1 ratio 
of (86) : (87). Separation of the isomers was achieved using 
preparative tlc on silica gel, using petroleum ether (40-
600C) : diethylether as eluent. The anti- nitrone (86), 
(0.36g, 30%), m.p. 131-137°C recrystallised from chloroform 
: hexane, vmax (Neat) 1450 cm-1 ; Amax 300nm (El0400); oH 
(60MHz; CDC1 3 ) 1.30-2.15 (2H, m, 3-CH2 ), 2.65 (4H, t, J6Hz, 
2-CH2 and 4-CH2 ), 3.75 (3H, s, NCH3 ), 7.00-7.40 (3H, m, 
aromatic), 9.30-9.55 (lH, m, 8-H); Accurate Mass [Found: 
m/z 175.0997 (M+., lOO%) c11H13No requires M+. 175.0997]. 
The syn- nitrone (87), (0.36g, 30%) isolated as an oil, 
v (Neat) 1450 cm-l • A 296nm (El0800); oH (60MHz; max ' max 
CDC1 3 ) 1.55 (2H, m, 3-CH2 ), 2.50-2.75 (2H, m, 2-CH 2 ), 2.95 
(2H, t, J6Hz, 4-CH2), 4.00 (3H, t, J2Hz, NCH3 ), 7.10-7.50 
(4H, m, aromatic); Accurate Mass [Found: m/z 175.1007 (M+. 
lOO%) c11H13NO requires M+. 175.0997 ] • 
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7.3.(4). Photolysis of the N-methyl-syn- nitrone (87). 
A solution of the nitrone (87), (0.2g, l.lmMol) in de-
gassed absolute ethanol was irradiated at 300nm for 1 hour 
before the solvent was removed in vacuo. Purification by 
preparative tlc on silica gel gave the anti- spiro-oxaziri-
dine (62a), (O.lg, 50%) as a yellow oil. 
7.3.(5). Photolysis of theN-methyl-anti- nitrone (86). 
The treatment of the anti- nitrone (86), (0.2g, l.lmMol) 
as above (see 7.3.(4)), gave the anti- spiro-oxaziridine 
(62a), (O.lg, 50%). 
7.3.(6). Thermal control reaction of the syn- nitrone (87). 
A solution of the syn- nitrone (87), (0.2g, l.lmMol) 
in degassed absolute ethanol (lOOml) was stirred in the 
dark at 20°C for 1 hour. Removal of the solvent in vacuo, 
gave a yellow oil which when analysed by 1 H nmr was shown 
to be unchanged nitrone. 
7.3.(7). Thermal control reaction of the anti- nitrone (86). 
Treatment of the anti- nitrone (86), (0.2g, l.lmMol), 
as above (see 7.3.(6)), gave unchanged starting material. 
7.4.(1). Attempted alkylation of the n-butylimine of 
tetral-1-one (6lb). 
The n-butylimine (6lb), (l.Og, 5.0mMol) was dissolved 
in dimethylformamide (DMF) (50ml), which had been previously 
purged with nitrogen. 3-bromopropylamine hydrobromide (1.24g, 
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5.7mMol) was added and the mixture was heated to ll0°C 
under an atmosphere of nitrogen. The mixture was then poured 
into a mixture of water (300ml) and cone. hydrochloric acid 
(lOml), washed with diethyl ether to remove non-basic 
impurities, neutralised with 25% sodium hydroxide solution 
(50ml), extracted with diethyl ether (3 x 50ml), dried over 
magnesium sulphate and the solvent was removed in vacuo to 
leave a black oil. Purification by distillation (140°C I 
0.2mm Hg) gave the hydroxy-imine (90), (O.lg, 10%) re-
crystallised from ethyl acetate, m.p. 131-133°C (Lit. 71 136-
1370C); v (Nujol Mull) 3350 cm-l (OH), 1630 cm-l (CN); 
max 
oH (90MHz; CDC13 ) 1.50-2.30 (6H, m, 3 x CH2 ), 2.30 (lH, s, 
OH),2.60-4.20 (4H, m, 6-CH2 and NCH2 ), 7.10-7.50 (3H, m, 
aromatic), 8.00-8.15 (lH, m, 10-H); Accurate Mass [Found: 
m/z 201.1157 (M+., 95.45%) c13H15No requires M+. 201.1154]. 
7.4. (2). Alkylation of the n-butylimine of 2-methyltetral-
l-one (6le). 
The treatment of the n-butylimine (6le), (l.Og, 5~0mMol) 
as above (see 7.4.(1)), gave the tricyclic imine71 (91), 
(0.3g, 30%). Purification was by flash column chromatography 
on silica gel using petroleum ether (40-60°C) : diethyl ether 
as eluent; m.p. 48-50°C; vmax (Neat) 1635 cm-l (CN); oH 
(90MHz; CDC1 3) 1.05 (3H, s, CH3 ), 1.30-2.10 (6H, m, 3 x CH2 ), 
2.60-3.10 (2H, m, 6-CH2 ), 3.50-4.20 (2H, m, NCH 2 ), 7.00-7.50 
(3H, m, aromatic), 8.00-8.15 (lH, m, 10-H); oC see Appendix 
II; Accurate Mass [Found: m/z 199.1350 (M+., lOO%) c14H17N 
requires M+. 199.1361 ] • 
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7.4.(3). Alternative preparation of the tricyclic imine 
( 91). 
To a solution of 2-methyltetral-1-one (60c), (l.Og, 
6.3mMol) in dry DMF was added sodium hydride (l.Og, 42mMol), 
The mixture was stirred under an atmosphere of nitrogen at 
20°C for 1 hour. A solution of 3-bromopropylamine hydro-
bromide (1.52g, 7.0mMol) in dry DMF (lOml) was added drop-
wise over 10 minutes. The mixture was stirred for a further 
2 hours before being poured into water (lOOml), extracted 
with chloroform (3 x 25ml), dried over magnesium sulphate 
and the solvent was removed in vacuo to leave a black oil. 
Purification by flash column chromatography as above (see 
7.4.(2)), gave the tricyclic imine 71 (91), (0.8g, 64%). 
7.4.(4). Oxidation of the tricyclic imine (91). 
To a solution of the tricyclic imine (91), (1.5g, 7.5 
mMol) in dry dichloromethane at 0°C was added sodium hydro-
gen carbonate (2.0g) and m-CPBA (1.36g, 7.9mMol). After 
stirring for 1 hour the mixture was washed with 5% sodium 
hydrogen carbonate solution (50ml), dried over magnesium 
sulphate and the solvent removed in vacuo to leave a red 
oil. Purification by preparative tlc on silica gel gave the 
trans- spiro-oxaziridine (93), (0.42g, 26%) as an oil; 
v (Neat) 1450 cm-l ; A 267nm (E336), 274nm (E325); 
max max 
oH (90MHz; CDC1 3 ) 1.15 (3H, s, CH3 ), 1.25-2.30 (6H, m, 3 x 
CH 2 ), 2.50-3.30 (2H, m, 6-CH2 ), 3.45 (2H, t, J6Hz, NCH2 ), 
7.00-7.50 (4H, m, aromatic); oC see Appendix III; Accurate 
~[Found: m/z 215.1318 (M+., 27.26%) c14H17No requires 
M+. 215.1310]; and the nitron~ (94), (0.65g, 40%); m.p. 
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119-121°C recrystallised from acetone; vmax (Neat) 1430 -1 cm 
Amax 290nm (£11213); oH (90MHz; CDC1 3 ) 1.10 (3H, s, CH 3 ), 
1.55-2.30 (6H, m, 3 x CH2 ), 2.85-3.10 (2H, m, 6-CH2 ), 3.90-
4.20 (2H, m, NCH2 ), 7.10-7.40 (3H, m, aromatic), 9.20-9.40 
(lH, m, 10-H); oC see Appendix III; Accurate Mass [Found: 
m/z 215.1314 (M+., 39.81%) c14H17No requires M+. 215.1310] 
Elemental Analysis (Found: C, 78.6; H, 8.1; N, 6.5% c14H17NO 
requires C, 78.1; H, 7.9; N, 6.5%]. 
7.4.(5). Photolysis of the trans- spiro-oxaziridine (93). 
A solution of the trans- spiro-oxaziridine (93), (0.35g 
1.6mMol) in degassed absolute ethanol (175ml) was irradiated 
for 16 hours at 254nm before the solvent was removed in 
vacuo. Purification of the photolysate by preparative tlc on 
silica gel, gave the pyrrolo-[1,2-b][2]-benzazepin-5-one 
(88a), (0.14g, 40%) as white crystals, m.p. 103-105°C re-
crystallised from acetone; v (Neat) 1620 cm-1 (CONR); 
max 
oH (90MHz; CDC1 3 ) 0.80 (3H, s, CH 3 ), 1.20-2.40 (6H, m, 3 x 
CH2 ), 2.50-3.20 (2H, m, 10-CH2 ), 3.40-4.20 (2H, m, NCH 2 ), 
7.00-7.50 (3H, m, aromatic), (7.75-7.80 (lH, m, 6-H); oC see 
Appendix IV; Accurate Mass [Found: m/z 215.1304 (M+., 55.05%) 
c14H17No requires M+ • 215.1310 ) ; Elemental Analysis (Found: 
C, 77.8; H, 7.9; N, 6.4% c14H17NO requires C, 78.1; H, 7.9; 
N, 6.5% ]. 
7.4.(6). Photolysis of the nitrone (94). 
A solution of the nitrone (94), (0.2g, 0.9mMol) in de-
gassed absolute ethanol (lOOml) was irradiated at 300nm for 
24 hours before the solvent was removed in vacuo, to leave 
a yellow oil. Purification as above (see 7.4.(5)), gave the 
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cis- spiro-oxaziridine (95), (0.15g, 76%) as an unstable 
white solid m.p. 54-56°C recrystallised from acetone : 
petroleum ether (40-60°C); vmax (Neat) 1460 cm-l ; oH (90MHz; 
CDC13 ) 1.15 (3H, s, CH3 ), 1.20-2.20 (6H, m, 3 x CH 2 ), 2.85-
3.10 (2H, m, 6-CH2 ), 3.60 (2H, t, J6Hz, NCH2 ), 7.05-7.35 
(3H, m, aromatic), 7.60-7.70 (lH, m, 10-H); oC see Appendix 
III; Accurate Mass [Found: m/z 215.1318 (M+., 27.26%) 
c14H17No requires M+. 215.1310]. 
7.4.(7). Photolysis of the cis- spiro-oxaziridine (95). 
The treatment of the cis- spiro-oxaziridine (95), (O.lg, 
0.5mMol) as above (see 7.4.(5)), gave the pyrrolo-[1,2-b] 
[2]-benzazepin-5-one (88a), (0.05g, 50%). 
7.4.(8). Preparation of 2-methyl-6-methoxytetral-1-one (98). 
The treatment of 6-methoxytetral-1-one (60b), (lOg, 
0.06mMol) as above (see 7.1.(1)) gave 2-methyl-6-methoxy-
tetral-l-one73 (98), (6.5g, 60%) as a colourless oil after 
distillation (124-126°C / l.Omm Hg); vmax (Neat) 1675 cm-l 
(CO), 1600 cm-l (C=COCH3 ); oH (90MHz; CDC13 ) 1.20 (3H, d, 
J7Hz, CH3 ), 1.60-2.60 (3H, m, 2-H and 3-CH2 ), 2.80-3.00 
(2H, m, 4-CH2 ), 3.80 (3H, s, OCH 3 ), 6.60 (lH, d, J2Hz, 5-H), 
6.75 (lH, dd, J8Hz and 2Hz, 7-H), 7.95 (lH, d, J8Hz, 8-H). 
7.4.(9). Preparation of the tricyclic imine (99). 
The treatment of 2-methyl-6-methoxytetral-1-one (98), 
(2.0g, 0.01 Mol) as above (see 7.4. (3)), gave the tricyclic 
imine (99), (0.87g, 36%) as a colourless oil; vmax (Neat) 
1635 cm-1 (CN), 1605 cm-l (C=COCH 3); oH (90MHz; CDC1 3 ) 
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1.10 (3H, s, CH 3 ), 1.50-1.90 (6H, m, 3 x CH2 ), 2.80-3.10· 
(2H, m, 6-CH2 ), 3.70-3.95 (2H, m, NCH 2 ), 3.80 (3H, s, OCH3), 
6.60 (lH, d, J2Hz, 7-H), 6.75 (lH, dd, J8Hz and 2Hz, 9:.H), 
7.95 (lH, d, J8Hz, 10-H); oC see Appendix II; Accurate Mass 
[Found: m/z 229.1466 (M+., lOO%) c15H19No requires M+. 229 • 
• 1467 ] • 
7.4.(10). Oxidation of the tricyclic imine (99). 
The treatment of the tricyclic imine (99), (0.5g, 2.2 
mMol) as above (see 7.4.(4)), gave the nitrone (97), (0.27g, 
50%) as a white solid, m.p. 163-164°C recrystallised from 
acetone; A 304nm (El2400); oH (90MHz; CDC1 3 ) 1.10 (3H, max 
s, CH3), 1.50-2.30 (6H, m, 3 x CH2 ), 2.80-3.10 (2H, m, 6-CH2 ~ 
3.80 (3H, s, OCH 3), 3.90-4.20 (2H, m, NCH2 ), 6.70 (lH, d, 
J2Hz, 7-H), 6.80 (lH, dd, J9Hz and J2Hz, 9-H), 9.50 (lH, .d, 
J9Hz, 10-H); oC see Appendix III; Accurate Mass [Found: 
m/ z 245.1426 (M+·, lOO%) c15H19No2 requires M+· 245.1416 ] 
Elemental Analysis [Found: C, 73.2; H, 8.2; N, 5.52%, 
c15H19No2 requires C, 73.5; H, 7.8; N, 5.71%). 
7.4.(11). Photolysis of the nitrone (97). 
The treatment of the nitrone (97), (0.2g, 0.8mMol) as 
above (see 7.4. (6)), gave the pyrrolo-[1,2-b][2]-benzazepin-
5-one (100), (1. 4g, 70%) as a colourless oil, v (Neat) 
max 
1625 cm-l (CONR), 1600 cm-l (C=COCH 3 ); oH (90MHz; CDC1 3 ) 
0.80 (3H, s, CH3 ), 1.50-2.30 (6H, m, 3 x CH 2 ), 2.40-3.10 
(2H, m, 10-CH2 ), 3.40-4.00 (2H, m, NCH2), 3.80 (3H, s, OCH 3 ), 
6. 70 (lH, d, J2Hz, 9-H), 6. 80 (lH, dd, J8Hz and 2Hz, 7-H), 
7.70 (lH, d, J8Hz, 6-H); oC see Appendix IV; Accurate Mass 
[Found: m/z 245.1416 (M+., 20.05%) c15H19No2 requires M+. 
245.1416] • 
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7.4.(12). Preparation of 1,2-dihydro-4-methylnaphthalene 
(105). 
Magnesium turnings (6.2g, 0.26Mol) and one crystal of 
resublimed iodine were covered with dry diethyl ether under 
an atmosphere of nitrogen. Methyl iodide (37.0g, 0.26Mol) 
was added dropwise so as to maintain a gentle reflux. After 
all the methyl iodide was added, tetral-1-one (60a), (34.0g, 
0.23Mol) was added dropwise, again at such a rate as to 
maintain a gentle reflux. Refluxing for a further 2 hours 
before washing with saturated ammonium chloride (3 x 50ml), 
drying over magnesium sulphate and removing the solvent in 
vacuo, yielded a crude oil, which upon treatment with pTSA 
(0.3g) in refluxing benzene (50ml) fitted with a Dean and 
Stark water trap, followed by washing with 5% sodium hydrogen 
carbonate, drying over magnesium sulphate and removing the 
solvent in vacuo, gave a yellow oil. Distillation (58°C / 
O.lmm Hg) gave 1,2-dihydro-4-methylnaphthalene99 (105), 
(28.2g, 84%), oH (60MHz; CDC1 3 ) 2.00 (3H, s, CH3 ), 2.00-2.80 
(4H, m, 2 x CH2 ), 5.60 (lH, m, 3-H), 6.90-7.10 (4H, m, aro-
matic). 
7.4.(13). Preparation of 1-methyltetral-2-one (106). 
To a solution of the naphthalene derivative (105), (4.0g 
0.028Mol) in dry dichloromethane (50ml) at 0°C, was added 
a solution of mCPBA (5.3g, 0.03Mol) in dichloromethane (lOml) 
and stirred for 30 minutes before washing with 5% sodium 
sulphite solution (50ml) and 5% s.odium hydrogen carbonate 
solution (50ml), drying over magnesium sulphate and removing 
the solvent in vacuo. The resultant oil was heated with 
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boron trifluoride ethereate (4.0g, 0.028Mol) in a benzene 
. solution before being washed with water, dried over mag-
nesium sulphate and the solvent removed in vacuo to leave 
a black oil, which when distilled (184°C / O.lmm Hg) gave 
l-methyltetral-2-one77 (106), (3.lg, 68%) as a colourless 
oil; v (Neat) 1710 cm-l (CO); oH (90MHz; CDC1 3 ) 1.45 max 
(3H, d, J6Hz, CH3 ), 2.35-2.70 (2H, m, 3-CH2 ), 2.90-3.15 
(2H, m, 4-CH2 ), 3.50 (lH, q, J6Hz, 1-H), 7.10-7.30 (4H, m, 
aromatic); o0 see Appendix I. 
7.4.(14). Preparation of the tricyclic imine (107). 
The treatment of 1-methyltetral-2-one (106), (1.60g, 
O.OlMol) as above (see 7.4.(3)), gave the tricyclic imine 
(107), (0.72g, 36%) as a colourless oil; v (Neat) 1660 
max 
cm-l (CN); oH (90MHz; CDC1 3 ) 1.45 (3H, s, CH 3 ), 1.60-2.90 
(6H, m, 3 x CH 2 ), 2.90-3.20 (2H, m, 6-CH 2 ), 3.30-4.00 (2H, 
m, NCH2), 7.00-7.30 (4H, m, aromatic); o0 see Appendix II; 
Accurate Mass [Found: m/z 199.1359 (M+., 69.23%) c14H17N 
requires M+. 199.1361] • 
7.4.(15). Oxidation of the tricyclic imine (107). 
The treatment of the tricyclic imine (107), (0.5g, 2.5 
mMol) as above (see 7.4.(4)), gave the spiro-oxaziridine 
(108), ( 0. 35g, 66%) as an unstable oil; vmax (Neat) 1450 cm -l 
A 267nm (E397), 274nm (E429); oH (90MHz; CDC13 ) 1.45 (3H, max 
s, CH3 ), 1.00-2.50 (6H, m, 3 x CH 2 ), 2.80-3.10 (2H, m, 6-CH2 ) 
3.20-3.45 (2H, m, NCH2 ), 7.05-7.40 (4H, m, aromatic); o0 
+ see Appendix III; Accurate Mass (Found: m/z 215.1312 (M· , 
14.10%) c14H17NO requires 215.1310 J. 
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7.4.(16). Photolysis of the spiro-oxaziridine (108). 
The treatment of the spiro-oxaziridine (108), (0.275g, 
1.3mMol) as above (see 7.4.(5)), gave the pyrrolo-[2,1-a] 
[2]-benzazepin-5-one (104), (0.14g, 49%) as white crystals, 
m.p. 99-101°C recrystallised from acetone; v (Neat) 1615 
max 
cm-l (CONR); oH (60MHz; CDC13 ) 1.65 (3H, s, CH 3 ), 1.00-4.20 
(lOH, m, alkyl), 6.80-7.20 (4H, m, aromatic); oC see 
Appendix IV; Accurate Mass [Found: m/z 215.1303 (M+., 0.78%) 
c14H17NO requires 215.1310 ]; Elemental Analysis (Found: 
C, 78.5; H, 8~2; N, 6.4%. c14H17NO requires C, 78.1; H, 7.9; 
N, 6.5%]. 
7.4.(17). Preparation of 2-methylindan-1-one (110). 
The treatment of indan-1-one (73), (15.0g, O.llMol) as 
above (see 7.1. (1)), gave 2-methyl-indan-l-one78 (110), 
(9.5g, 57%) as a colourless oil (b.p. 72°C / 0.9mm Hg); 
v (Neat) 1710 cm-l (CO); oH (90MSz; CDC1 3 ) 1.30 (3H, s, max 
CH3 ), 2.50-2.90 (2H, m, 3-CH2 ), 3.40 (lH, dd, Jl8Hz and 8Hz 
2-H), 7.25-7.65 (3H, m, aromatic), 7.65-7.75 (lH, m, 7-H); 
oC see Appendix I; Accurate Mass [Found: m/z 146.0727 (M+. 
60.20%) c10H10o requires M+. 146. 0727 ) • 
7.4.(18). Preparation of the tricyclic imine (111). 
The treatment of 2-methylindan-1-one (110), (2.0g, 13.7 
mMol) as above (see 7.4.(3)), gave the tricyclic imine (111), 
(1.4g, 55%) as a yellow oil; v (Neat) 1665 cm-1 (CN); 
max 
oH (90MHz; CDC1 3 ) 1.10 (3H, s, CH3 ), 1.40-2.30 (4H, m, 2 x 
CH 2 ), 2.70 (2H, s, 5-CH2 ), 3.50-3.90 (2H, m, NCH2 ), 7.10-
7.40 (3H, m, aromatic), 7.50-7.75 (lH, m, 9-H); oC see 
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Appendix II; Accurate Mass [Found: m/z 185.1203 (M+., 
56. 09%) c13H15N requires M+. 185.1204 ) • 
7.4.(19). Oxidation of the tricyclic imine (111). 
The treatment of the tricyclic imine (111), (0.33g, 
1.8mMol) as above (see 7.4.(4)), gave the nitrone (112), 
(0.18g, 50%) as white crystals, m.p. 85-87°C recrystallised 
from acetone; v (Neat) 1470 cm-1 ; A 292nm (El2730), 
max max 
304nm (El3690); oH (90MHz; CDC1 3 ) 1.15 (3H, s, CH3 ), 1.50-
2.30 (4H, m, 2 x CH2 ), 2.90 (2H, s, 5-CH2 ), 3.80-4.05 (2H, 
m, NCH 2 ), 7.25-7.45 (3H, m, aromatic), 8.50-8.70 (lH, m, 
9-H); oC see Appendix III; Accurate Mass (Found: m/z 201. 
1152 (M+ •, lOO%) c13H15No requires M+. 201.1154 J • 
7.4.(20). Photolysis of the nitrone (112) •. 
The treatment of the nitrone (112), (0.3g, 1.5mMol), as 
above (see 7.4.(6)), gave the pyrrolo-[1,2-b}-isoquinolin-
5-one (109), (O.llg, 36%) as white crystals, m.p. 128-130°C 
recrystallised from acetone; v (Neat) 1645 cm-1 (CONR); 
max 
oH (90MHz; CDC13 ) 1.10 (3H, s, CH3 ), 1.80-2.25 (4H, m, 2 x 
CH 2 ), 3.00 (2H, d, J2Hz, 10-CH2 ), 3.75 (2H, t(br), J6Hz, 
NCH 2 ), 7.15-7.50 (3H, m, aromatic), 8.00-8.15 (lH, m, 6-H); 
oC see Appendix IV; Accurate Mass [Found: m/z 201.1147 
(M+., 3.68%) c13H15No requires M+. 201.1154 J; Elemental 
Analysis [Found: C, 77.2; H, 7.6; N, 6.9% c13H15No requires 
C, 77.6; H, 7.5; N, 7.0%). 
7.4.(21). Preparation of the tricyclic imine (116). 
To a solution of 2-methyl tetral-1-one (60c), (0. 5g, 
llmMol) in dimethoxy ethene (DME), (30ml) was added sodium 
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hydride (0.5g, 2lmMol). The mixture was stirred at 20°C 
under an atmosphere of nitrogen for 1 hour before a sus-
pension of 2-bromoethylamine hydrobromide (0.7g, 3.4mMol) 
and sodium iodide (O.lg) in DME (30ml) was added dropwise 
and stirred for 15 hours at reflux temperature. The mixture 
was then poured onto water (50ml), extracted with chloroform 
(3 x 50ml), dried over magnesium sulphate and the solvents 
were removed in vacuo to leave a black oil. Purification by 
flash column chromatography on silica gel using petroleum 
ether (40-60°C) as eluent, gave the tricyclic imine (116), 
(0.3lg, 54%) as a straw coloured oil; v (Neat) 1625 cm-1 
max 
(CN); oH (90MHz; CDC13 ) 1.10 (3H, s, CH3 ), 1.50-2.20 (4H, 
m, 2 x CH 2 ), 2.60-3.20 (2H, m, 5-CH2 ), 3.70-4.30 (2H, m, 
NCH2 ), 7.10-7.45 (3H, m, aromatic), 8.05-8.20 (lH, m, 9-H); 
cC see Appendix II; Accurate Mass (Found: m/z 185.1201 
(M+., lOO%) c13H15N requires M+. 185.1204). 
7.4.(22). Oxidation of the tricyclic imine (116). 
The treatment of tha tricyclic imine (116), (0.75g, 
4.0mMol) as above (see 7.4.(4)), gave the spiro-oxaziridine 
(117), (0.45g, 55%) as a yellow oil; v (Neat) 1450 cm-1 ; 
max 
Amax 267nm (E263), 274nm (~270); oH (90MHz; CDC13 ) 1.25 
(3H, s, CH 3 ), 1.40-2.20 (4H, m, 2 x CH 2 ), 2.70-3.70 (4H, m, 
5-CH2 and NCH2 ), 7.10-7.50 (4H, m, aromatic); cC see 
Appendix III; Accurate Mass [Found: m/z 201.1153 (M+. , 
26.68%) c13H15NO requires M+. 201.1154 ] • 
7.4.(23). Photolysis of the spiro-oxaziridine (117). 
The treatment of the spiro-oxaziridine (117), (0.2g, 
l.OmMol) as above (see 7.4.(5)), gave the azeto-[1,2-b][2]-
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benzazepin-4-one (115), (98mg, 49%) as a colourless oil; 
v (Neat) 1620 cm-l (CONR); oH (90MHz; CDC13 ) 1.05 (3H, s, max 
CH 3 ), 1.70-3.40 (6H, m, 3 x CH2 ), 4.10 (2H, t, J?Hz, NCH 2 ), 
7.15-7.50 (3H, m, aromatic), 7.75-7.85 (lH, m, 5-H); oC see 
Appendix IV; Accurate Mass [Found: m/z 201.1141 (M+., lOO%) 
c13H15No requires M+. 201.1154 ) • 
7.4.(24). Preparation of the trinyclic imine (123). 
The treatment of 1-methyl tetral-2-one (106), (1. 3g, 
8.lmMol) as above (see 7.4.(21)), gave the tricyclic imine 
(123), (0.6g, 40%) as a yellow oil; v (Neat) 1655 cm-1 
max 
(CN); oH (90MHz; CDC13 ) 2.30 (3H, s, CH 3 ), 1.70-2.40 (2H, 
m, l-CH2 ), 2.60-2.85 (2H, m, 4-CH2 ), 2.90-3.25 (2H, m, 5-CH2 ) 
3.70-4.00 (2H, m, NCH2 ), 7.00-7.30 (4H, m, aromatic); oC 
see Appendix II; Accurate Mass [Found: m/z 185.1205 (M+., 
36.52%) c13H15N requires 185.1205]. 
7.4.(25). Oxidation of the tricyclic imine (123). 
The treatment of the tricyclic imine (123), (0.25g, 
1.4mMol) as above (see 7.4.(4)), gave the spiro-oxaziridine 
(124), ( 0 .16g, 57%) as a colourless oil; v (Neat) 1450 
max · 
cm-1 ; A 264nm (£763), 
max 27lnm (£763); oH (90MHz; CDC1 3 ) 
1.50 (3H, s, CH 3), 1.60-3.55 (8H, m, 4 x CH 2 ), 7.05-7.35 
(4H, m, aromatic); oC see Appendix III; Accurate Mass [Found: 
m/z 201.1151 (M+., 26.29%) c13H15No requires M+. 201.1154]. 
7.4.(26). Photolysis of the spiro-oxaziridine (124). 
Treatment of the spiro-oxaziridine (124), (0.2g, 1.0 
mMol) as above (see 7.4.(5)), gave the azeto-[2,1-a][2]-
benzazepin-4-one (122), (96mg, 48%) as a colourless oil; 
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v (Neat) 1615 cm-l (CONR); oH (90MHz; CDC13 ) 1.85 (JH, max 
s, CH 3 ), 2.20-3.30 (6H, m, 3 x CH2 ), 4.05 (2H, dd, J9Hz 
and 5Hz, NCH2 ), 7.00-7.40 (4H, m, aromatic); oC see 
Appendix IV; Accurate Mass [Found: m/z 201.1156 (M+., 2.51%) 
c13H15NO requires M+. 201.1154 ] • 
7.4.(27). Preparation of the tricyclic imine (126). 
The treatment of 2-methylindan-1-one (110), (5.0g, 
0.034Mol) as above (see 7.4.(3)), gave the tricyclic imine 
(126), (1.80g, 31%) as a straw coloured oil, v 1655 cm-1 
max 
(CN); oH (90MHz; CDC1 3 ) 1.10 (3H, s, CH 3 ), 1.85-2.05 (2H, 
m, 3-CH2 ), 2.80 (2H, s, 4-CH2 ), 4.15-4.35 (2H, m, NCH2 ), 
7.30-7.45 (3H, m, aromatic), 7.75-7.85 (lH, m, 8-H); oC see 
Appendix II; Accurate Mass [Found: m/z 171.1032 (M+., lOO%) 
c12H13N requires M+. 171.1048 ) • 
7.4.(28). Oxidation of the tricyclic imine (126). 
To a mixture of the tricyclic imine (126), (0.5g, 2.9 
mMol) and sodium hydrogen carbonate (0.5g) in dry dichloro-
methane at -5°C under an atmosphere of nitrogen was added 
mCPBA (0.55g, 3.2mMol) in dry dichloromethane (30ml). The 
mixture was stirred for 150 minutes before being washed 
with 5% sodium sulphite solution (50ml) and 5% sodium 
hydrogen carbonate solution (50ml), dried over magnesium 
sulphate and the solvent removed in vacuo at 0°C to give 
the crude spiro-oxaziridine (127), which rapidly decomposed 
above 0°C. oH (90MHz; CDC13 ) 1.30 (3H, s, CH 3 ), 1.70-2.40 
(2H, m, 3-CH2 ), 2.95 (2H, dd, Jl5Hz and 5Hz, 4-CH2 ), 3.55 
(2H, t, J6Hz, NCH 2 ), 7.25-7.60 (4H, m, aromatic). The 
attempted purification of (127) gave only the keto-aldehyde 
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(128), ( 0. 24g, 44%) as a colourless oil; vmax (Neat) 1710 
cm-l (v), (CO); oH (90MHz; CDC13 ) 1.25 (3H, s, CH3 ), 2.90 
(2H, d, J2Hz, 3-CH2 ), 3.15 (2H, d, J6Hz, CH 2CHO), 7.30-7.70 
(3H, m, aromatic), 7.70-7.90 (lH, d, J6Hz, 7-H), 9.75 (lH, 
s, CHO); cC see Appendix I; Accurate Mass [Found: m/z 
188. 0812 (M+ •, 9.12%) c12H12o2 requires M+ • 188. 0837 J • 
7.4.(29). Photolysis of the crude spiro-oxaziridine (127). 
A solution of the crude oxidation product containing 
the spiro-oxaziridine (127), (0.2g) in degassed absolute 
ethanol was irradiated at 254nm and at -20°C for 5~ hours. 
Removal of the solvent in vacuo and subsequent purification 
by preparative tlc on silica gel gave the keto-aldehyde 
(138), (75mg, 37%). 
7.4.(30). Preparation of 4-bromobutylamine hydrobromide 
(133). 
A solution of 4-bromobutylphthalimide (132), (lO.Og, 
35.5mMol) in glacial acetic acid (30ml) and hydrogen bromide 
(48%, 12.5ml) was refluxed for 48 hours before being poured 
into ice-water (lOOml), filtered and evaporated. The orange 
solid was washed with water and recrystallised from ethyl 
acetate and ethanol to give 4-bromobutylamine hydrobromide 
(133), (4.8g, 58%) as white crystals, m.p. 148-154°C (Lit. 
82 157-158°C ); oH (90MHz; D20) 1.65-2.25 (4H, m, 2 x CH 2 ), 
3. 05 (2H, t, J6Hz, l-CH 2 ), 3. 60 (2H, t, J6Hz, 4-CH2 ). 
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7.4.(31). Attempted alkylation of 2-methyltetral-1-one 
(60c) using 4-bromobutylamine hydrobromide. 
A typical procedure is as follows: A mixture of 2-
methyltetral-1-one (60c), (0.5g, 3.lmMol) and sodium hydride 
(0.5g, 2lmMol) in DMF was stirred for 1 hour before 4-bromo-
butylamine hydrobromide (133), (0.8g, 3.4mMol) was added. 
After stirring for 16 hours, the mixture was poured into 
water (lOOml), extracted with diethyl ether (3 x 50ml), 
dried over magnesium sulphate and the solvents were removed 
in vacuo to leave a crude oil which showed only the presence 
of starting material by spectroscopic analysis. 
7.4.(32). Alkylation of 2-methyltetral-1-one (60c) with 
4-bromo-butyronitrile. 
A mixture of 2-methyltetral-1-one (60c), (0.5g, 3.lmMol) 
and sodium hydride (0.5g, 2lmMol) in DMF (30ml) was stirred 
at 20°C for 1 hour. 4-bromobutyronitrile (0.69g, 4.7mMol) in 
DMF (20ml) was added dropwise. After stirring for 16 hours, 
the mixture was poured into ice-water (lOOml), extracted 
with diethyl ether (3 x 30ml), dried over magnesium sulphate 
and the solvents removed in vacuo to. give a black oil. 
Purification by preparative tlc on silica gel, gave two pro-
ducts; l-cyano-3a-methyl-3,3a,4,5-tetrahydro-2H-benz[E]-
indene (137), (0.15g, 23%), isolated as white crystals, 
m.p. 68-70°C recrystallised from acetone; v (Neat) 2210 
max 
cm-l (v), (CN), 1600 cm-l (C=C); oH (90MHz; CDC13 ) 1.05 
(3H, s, CH3 ) 1.65-2.10 (4H, m, 2 x CH2 ), 2.60-3.15 (4H,m, 
2-CH2 and 5-CH2 ), 6.90-7.25 (3H, m, aromatic), 8.10-8.30 
(lH, m, 9-H); Elemental Analysis [Found: C, 86.0; H, 7.2; 
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N, 6.5% c15H15N requires C, 86.1; H, 7.2; N, 6.7% ] • 
' 1-(4 -cyano-1-butoxy)-3,4-dihydro-2-methylnaphthalene (136), 
(82mg, 12%) isolated as a colourless oil; vmax (Neat) 
2250 cm-l (w), (CN), 1655 cm-l (C=COR); oH (90MHz; CDC1 3 ) 
1.85 (3H, s, CH 3 ), 2.00 (2H, quintet, J6Hz, CH 2CH2CN), 2.20 
(2H, t, J7Hz, CH 2CN), 2.55 (2H, t, J6Hz, 3-CH2 ), 2.65 (2H,t, 
J7Hz,4-CH2 ), 3.80 (2H, t, J6Hz, OCH2 ), 7.05-7.30 (4H, m, Ar). 
7.4.(33). Alkylation of 2-methylindan-1-one (106) with 
4-bromobutyronitrile. 
A mixture of 2-methylindan-1-one (106), (0.5g, 3.4mMol) 
and sodium hydride (82mg, 3.4mMol) in DMF (30ml) were 
stirred under an atmosphere of nitrogen at 20°C for 1 hour. 
4-butyronitrile (0.5g, 3.4mMol) in DMF (20ml) was added 
dropwise and the mixture was stirred overnight before being 
poured into ice-water (lOOml), extracted with diethyl ether 
(3 x 50ml), dried over magnesium sulphate and the solvents 
were removed in vacuo to leave a black oil. Purification by 
preparative tlc on silica gel, gave the keto-nitrile (138), 
(0.35g 48%) isolated as a colourless oil, (b.p. 178-182°C / 
l.Omm Hg); v (Neat) 2260 cm-l (w), (CN), 1705 cm-1 (br), 
max 
(CO); oH (90MHz; CDC1 3 ) 1.20 (3H, s, CH3 ), 1.50-1.90 (4H, 
m, 2 x CH 2 ), 2.30 (2H, t, J6Hz, CH2CN), 3.05 (2H, dd, J22Hz 
and 18Hz, 3-CH2 ), 7.30-7.65 (3H, m, aromatic), 7.65-7.75 
(lH, m, 7-H); oC see Appendix I; Accurate Mass [Found: m/z 
213.1155 (M+., 0.52%) c14H15No requires M+. 213.1154]. 
7.4.(34). Attempted reductive cyclisation of the keto-
nitrile (138). 
A mixture of the keto-nitrile (138), (l.Og, 4.7mMol), 
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and Raney Nickel (W-2, 0.02g) in dry methanol (lOOml) was 
purged with ammonia gas and hydrogenated at 50 psi of 
hydrogen pressure at 80°C for 1 hour using a Parr hydrogen-
ator. Filtration and evaporation of·the solvent left a 
black residue from which no discrete products were isolable. 
7.4.(35). Attempted formation of the dioxolan of the keto-
nitrile (138). 
To a solution of the keto-nitrile (138), (l.Og, 4.7mMol) 
and ethylene glycol (1.5g, 24.2mMol) in dry benzene (50ml) 
was added pTSA (0.02g). The solution was refluxed using a 
Dean and Stark water separator for 24 hours before being 
washed with 5% sodium hydrogen carbonate solution (50ml), 
dried over magnesium sulphate and the solvent removed in 
vacuo. The crude oil showed only the presence of starting 
material when analysed spectroscopically. 
7.5.(1). Preparation of 1,3-dimethyl-4-hydroxyquinolin-2-
one (139). 
A mixture of N-methylaniline (10.7g, O.lMol) and diethyl 
-2-methylmalonate (22.62g, 0.13Mol) were heated at 200°C 
for 3 hours with slow distillation of ethanol (through a 
Vigreux column). The mixture was then cooled and recrystal-
lised from ethanol water to give the hydroxyquinolin-2-
one (139), (10.3g, "54%), m.p. 124-127°C (Lit. 85 220-222°C); 
v (Nujol Mull) 1645 cm-l (CONR), 1610 cm-l (C=COH); oH 
max 
(90MHz; CDC1 3 ) 2.15 (3H, s, CH 3 ), 3.65 (3H, s, NCH 3 ), 7.15-
7.70 (3H, m, aromatic), 8.05 (lH, dd, J9Hz and 2Hz, 5-H). 
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7.5.(2). Reduction of 1,3-dimethyl-4-hydroxyquinolin-2-
one (139) using Red-Al. 
A suspension of the hydroxyquinolin-2-one (139), (5.0g, 
26.5mMol) in dry toluene (lOOml) was stirred under a nitro-
gen atmosphere, sodium bis-(2-methoxy-ethoxy)-dihydroalum-
inate (Red-Al), (15.3ml, 53mMol) was added over 2 hours. 
The mixture was then refluxed for 1.5 hours before being 
cooled. Water (30ml) was then added, the mixture was 
filtered through a celite pad, washed with water (3 x 50ml), 
dried over magnesium sulphate and the solvent was removed 
in vacuo. Purification by flash column chromatography on 
silica gel, using petroleum ether (40-60°C) : diethyl ether 
as eluent, gave 2,3-dihydro-1,3-dimethylquinolin-4-one (140), 
(1.5g, 32%) isolated as a white solid, m.p. 74-76°C (Lit. 87 
72-73°C) recrystallised from acetone ; v (Nujol Mull) 
max 
1665 cm-l (CO); oH (90MHz; CDC13 ) 1.15 (3H, d, J7Hz, 3-CH3 ), 
2.55-2.85 (lH, m, 3-H), 2.95 (3H, s, NCH 3 ), 3.05-3.50 (2H, 
m, 2-CH2 ), 6.75 (2H, t, J7Hz, 6-H and 8-H), 7.30-7.50 (lH, 
m, 7-H), 7.95 (lH, dd, J8Hz and 2Hz, 5-H); oC see Appendix I. 
7.5.(3). Alkylation of the quinolin-4-one (140). 
Treatment of the quinolin-4-one (140), (0.5g,2.9mMol) 
as above (see 7.4.(3)), gave the tricyclic imine (141), 
(0.38g, 62%) as a yellow solid, m.p. 79-81.5°C, recrystallised 
from acetone; v (Neat) 1635 cm-l (CN); oH (90MHz; CDC13 ) max 
1.15 (3H, s, 4a-CH3 ), 1.30-2.00 (4H, m, 2 x CH 2 ), 2.95 (3H, 
s, NCH 3 ), 2.95 (2H, dd, J30Hz and 10Hz, 5-CH2 ), 3.70-4.10 
(2H, m, 2-CH2 ), 6.70 (2H, t, J8Hz, 7-H and 9-H), 7.15-7.40 
(lH, m, 8-H), 7.95 (lH, dd, J8Hz and 2Hz, 10-H), Accurate 
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Mass (Found: m/z 214.1471 (M+., 50.30%) c14H18N2 requires 
M+. 214.1470 ] • 
7.5.(4). Oxidation of the tricyclic imine (141). 
The treatment of the tricyclic imine (141), (0.5g, 
2.3mMol) as above (see 7.4.(4)), gave only a black tar which 
displayed many bands by analytical tlc from which no discrete 
products could be isolated. 
7.5.(5). Preparation of 2,3~dihydro-3-methylquinolin-4-one 
(145). 
A mixture of aniline (143), (9.3g, O.lMol), methacrylic 
acid (8.6g, O.lMol) and.glacial acetic acid (3ml) were heated 
at 100°C overnight before being dissolved in chloroform 
(lOOml), filtered through a celite pad, washed with 5% sodium 
hydrogen carbonate solution (2 x 50ml) and distilled (168-
1760C / lmm Hg) to give the S-amino acid (144); oH (90MHz; 
CDC13 ) 1.20 (3H, d, J7Hz, CH 3 ), 2.80 (lH, quintet, J6Hz, 
CH(CH 3 )), 3.05-3.55 (2H, m, CH 2 ), 6.55-7.30 (5H, m, aromatic); 
The distillate (144) was then added to polyphosphoric acid, 
previously heated to 130°C and stirred for 1 hour. Ice (lOOg) 
was then added to the mixture which was extracted with ethyl 
acetate (3 x 50ml), dried over magnesium sulphate and the 
solvent was removed in vacuo. Purification by flash column 
chromatography on silica gel, using petroleum ether (40-60°C) 
: ethyl acetate as eluent, gave 2,3-dihydro-3-methylquinolin-
4-one (145), (5.6g, 35%) as a yellow solid, m.p. 91-94°C 
recrystallised from acetone, vmax (Nujol Mull) 3220 cm-1 
(br), (NH), 1640 cm-l (br), (CO); oH (90MHz; CDC1 3 ) 1.20 
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(3H, d, J7Hz, CH3 ), 2.50-2.85 (lH, m, 3-H), 3.15-3.70 (2H, 
m, CH 2 ), 4.65 (lH, m, NH), 6.70 (2H, t, J7Hz, 6-H and 8-H), 
7.20-7.40 (lH, m, 7-H), 7.90 (lH, dd, J8Hz and 2Hz, 5-H); 
Accurate Mass [Found: m/z 161.0838 (M+., 90.81%) c10H11NO 
requires M+. 161.0841] ; Elemental Analysis [Found: C, 74.1; 
H, 6.7; N, 8.9% c10H11NO requires C, 74.5; H, 6.8; N, 8.7% 1. 
7.5.(6). Acetylation of the quinolin-4-one (145). 
To a solution of the quinolin-4-one (145), (l.Og, h.2 
mMol) and triethylamine (3ml) in diethyl ether (lOOml) was 
added dropwise, acetyl chloride (l.Og, 12.7mMol). The mixture 
was then stirred for 1 hour before being washed with water 
and 5% sodium hydrogen carbonate solution (2 x 50ml), dried 
over magnesium sulphate and the solvent was removed in vacuo. 
Purification by flash column chromatography on silica gel, 
using petroleum ether (40-60°C) : ethyl acetate as eluent, 
gave 1-acetyl-2,3-dihydro-3-methylquinolin-4-one (146), 
(0.76g, 60%) as a yellow oil; vmax (Neat) 1660 (br), (CO); 
oH (90MHz; CDC13 ) 1.25 (3H, d, J7Hz, 3-CH3 ), 2.40 (3H, s, 
COCH 31 2.55-2.95 (lH, m, 3-H), 3.70 (lH, dd, Jl3Hz and 10Hz, 
2-HA), 4.55 (lH, dd, Jl3Hz and 4Hz, 2-HB), 7.20-7.65 (3H, m, 
aromatic), 8.05 (lH, m, 5-H); oC see Appendix I; Accurate 
Mass (Found: m/z 203.0947 (M+., 10.31%) c12H13No2 requires 
M+ • 203. 0946 1 • 
7.·5. (7). Attempted direct alkylation of the quinolin-4-one 
(146). 
Attempts to alkylate the quinolin-4-one (146) with 
3-bromopropylamine hydrobromide in DME and DMF by the methods 
described above (see 7.4.(3) and 7.4.(21)), failed to succeed 
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and only starting material was recovered after extended 
reaction times. 
7.5.(8). Preparation of the n-butylimine of the quinolin-
4-one (147). 
The treatment of the quinolin-4-one (146), (l.Og, ~-9 
mMol) as above (see 7.1.(7)), gave the n-butylimine (147), 
(0.86g, 68%) as a yellow oil after purification by distil-
lation (b.p. 200°C I l.5mm Hg); vmax (Neat) 1630 cm-1 (CN); 
oH (90MHz; CDC1 3 ) 0.95 (3H, t, J6Hz, y-CH3), 1.10 (3H, d, 
J6Hz, 3-CH 3 ), 1.20-2.00 (4H, m, 2 x CH2 ), 2.30 (3H, s, COCH 3 ) 
3.10-3.40 (lH, m, 2-HA), 3.55 (2H, t, J6Hz, NCH 2 ), 4.40-4.65 
(lH, m, 2-HB), 7.05-7.40 (3H, m, aromatic), 8.30 (lH, dd, 
J8Hz and 2Hz, 5-H); Accurate Mass [Found: m/z 258.1736 
(M+., 38.10%) c1 6H22N20 requires M+. 258.1732). 
7.5.(9). Attempted alkylation of the n-butylimine (147). 
The treatment of the n-butylimine (147), (l.Og, 3.9mMol) 
as above (see 7.4.(1)), resulted in the isolation of the 
starting material and there was no evidence of alkylation 
taking place by spectroscopic analysis. 
7.5.(10). Preparation of the N-tosylquinolin-4-one (149). 
To a solution of the quinolin-4-one (145), (l.Og,6.2mMol) 
in pyridine (20ml) was added tosyl chloride (1.5g, 7.8mMol) 
in diethyl ether (30ml) dropwise, before stirring for 36 
hours. The solution was poured into water (lOOml), extracted 
with diethyl ether, washed with 2N sulphuric acid (2 x 50ml) 
and 5% sodium hydrogen carbonate solution (2 x 50ml) before 
drying over magnesium sulphate and removing the solvent in 
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vacuo. Recrystallisation from petroleum ether (40-60°C) : 
diethyl ether gave the N-tosylquinolin-4-one (149), (0.94g, 
48%) as white crystals (m.p. 116-116.5°C); vmax (Nujol Mull) 
1680 cm-l (CO); cH (90MHz; CDC13 ) 1.10 (3H, d, J7Hz, 3-CH3 ), 
2.40 (3H, s, ArCH3 ), 2.30-2.65 (lH, m, 3-H), 3.65 (lH, dd, 
Jl4Hz and 12Hz, 2-HA), 4.50 (lH, dd, Jl2Hz and 4Hz, 2-HB), 
7.15-7.90 (7H, m, aromatic), 8.00 (lH, dd, J8Hz and 2Hz, 
5-H); Accurate Mass [Found: m/z 315.093D (M+., 18.31%) 
c17H1 7No3s requires 315.0929 J • 
7.5.(11). Attempted alkylation of the N-tosylquinolin-4-
one (149). 
Attempts to alkylate the quinolin-4-one (149) as above 
(see 7.4.(3) and 7.4.(21)) were not successful and only the 
starting material could be detected by spectroscopic anal-
ysis. 
7.5.(12). Preparation of 3-methylchroman-4-one (151). 
The treatment of 4-chromanone (150), (lOg, 0.07Mol) 
as above (see 7.1.(1)), gave the 3-methylchroman-4-one9° 
(151), (2.9g, 26%) after purification by both distillation 
(70°C / 0.5mm Hg) and flash column chromatography on silica 
gel, using petroleum ether (40-60°C) as eluent; v (Neat) 
max 
1680 cm-l (CO); cH (90MHz; CDC13 ) 1.20 (3H, d, J7Hz, CH 3 ), 
2.65-3.05 (lH, m, 3-H), 4.10 (lH, t, JlOHz, 2-HA), 4.50 
(lH, dd, JlOHz and 5Hz, 2-HB), 7.00 (2H, t, J8Hz, 6-H and 
8-H), 7.30-7.60 (lH, m, 7-H), 7.90 (lH, dd, J8Hz and 2Hz, 
5-H). 
- 160 -
7.5.(13). Oxidation of the butylimine (147). 
The treatment of the butylimine (147), (0.2g, 0.8mMol) 
as above (see 7.1.(9)) gave the spiro-oxaziridine (152), 
(O.llg, 52%) as a white solid, recrystallised from acetone 
: petroleum ether (40-60°C), m.p. 100-102°C; v (Neat) 
max 
1660 cm-l (CO) ; A 246nm (El570); oH (90MHz; CDC1 3 ) 0.80 max -
(3H, t, J7Hz, y-CH3 ), 1.00 (3H, d, J7Hz~ 3-CH 3 ), 1.10-1.60 
2 x CH 2 ), 2.30 (3H, s, COCH 3 ), 2.25-3.00 (3H, m, 
3-H), 3.70 (lH, dd, JllHz and 10Hz, 2-HA), 3.95 
JllHz and 7Hz, 2-HB), 7.10-7.60 (4H, m, aromatic); 
oC see Table 7 ; Accurate Mass[Found: m/z 274.1678 (M+., 
(4H, m, 
NCH2 and 
(lH, dd, 
5. 51%) c16H22N2o2 requires M+ • 27 4.1681 ) ; Elemental Analysis 
(Found: C,69.55; H, 8.10; N, 10.25% c16H22N2o2 requires 
C, 70.07: H, 8.00; N, 10.20% ). 
7.5.(14). Photolysis of the spiro-oxaziridine (152). 
A solution of the spiro-oxaziridine (152), (0.2g,0.7 
mMol) in degassed absolute ethanol was irradiated at 254nm 
for 36 hours, before the solvent was removed in vacuo. 
Purification by preparative tlc on silica gel gave three 
main products : 
8-acetylquinolin-4-one (153), (18mg, 12%) isolated as a 
white solid, m.p. 125-126°C recrystallised from acetone; 
v (Neat) 3320 cm-l (NH), 1670 cm-l (CO), 1645 cm-1 (CO); 
max 
oH (90MHz; CDC13 ), 1.20 (3H, d, J6Hz, 3-CH 3 ), 2.60 (3H, s, 
COCH 3), 2.60-2.95 (lH, m, 3-H), 3.15-3.80 (2H, m, 2-CH2 ), 
6.65 (lH, dd, J7Hz and 7Hz, 6-H), 7.95 (lH, dd, J7Hz and 
2Hz, 5-H), 8.10 (lH, dd, J7Hz and 2Hz, 7-H), 9.10-9.30 
(lH, m, NH); Accurate Mass (Found: m/z 203.0952 (M+., lOO%) 
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c12H13No2 requires M+. 203.0946 ] ; 
6-acetylquinolin-4-one (l54), (30mg, 20%) isolated as a 
white solid, m.p. 182-185°C recrystallised from acetone; 
v (Neat) 3320 cm-l (NH), 1660 cm-l (CO), 1640 cm-1 (CO); 
max 
oH (90MHz; CDC13 ) 1.20 (3H, d, J6Hz, 3-CH 3 ), 2.50 (3H, s, 
COCH3 ), 2.60-3.00 (lH, m, 3-H), 3.20-3.80 (2H, m, 2-CH2 ), 
5.30 (lH, m, NH), 6.70 (lH, d, J8Hz, 8-H), 8.00 (lH, dd, 
J8Hz and 2Hz, 7-H), 8.45 (lH, d, J2Hz, 5-H); Accurate Mass 
[Found: m/z 203.0949 (M+., lOO%) c12H13No2 requires M+. 
203.0946]; 
1,5-benzodiazepin-2-one (155), (20mg, 10%) was isolated as 
an oil; v (Neat) 1660 cm-l (CO), 1640 cm-1 (CONR); 
max 
oH (90MHz; CDC1 3 ) 0.85 (3H, t, J6Hz, y-CH 3), 1.10 (3H, d, 
J6Hz, 3-CH3 ), 1.10-1.70 (4H, m, 2 x CH2 ), 2.20-3.00 (lH, 
m, 3-H), 3.20-3.70 (2H, m, 4-CH 2 ), 4.20-4.70 (2H, m, NCH2 ), 
7.20-7.60 (4H, m, aromatic); Accurate Mass [Found: m/z 
274.1681 (M+., 17.09%) c16H22N2o2 requires M+. 274.1681]. 
7.6.(1). Preparation of the N-unsubstituted lactam (162). 
The treatment of tetral-1-one (60a), (2.0g 13.7mMol) 
as above (see 7.1.(28)), gave the oxime100 (161), (1.6lg, 
73%) as a white solid, m.p. 103-105°C (Lit. 100 100.5-101.5°C) 
recrystallised from methanol. The subsequent Beckmann re-
arrangement as above (see 7.1.(28)), gave the lactam (162), 
(l.lOg, 68%) as white crystals, m.p. 141-145°C (Lit.95 
142.5-143°C); v (Nujol Mull) 1665 cm-l (CONR); oH (90MHz; max 
CDC13 ) 2.10-2.55 (4H, m, 2 x CH2 ), 2.80 (2H, t, J7Hz, 5-CH2 ), 
7.00-7.40 (4H, m, aromatic), 8.80-9.00 (lH, m, NH). 
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7.6.(2). Alkylation of the N-unsubstituted lactam (162). 
All the N-unsubstituted lactams studied in Chapter 6 
were prepared by the alkylation of the N-unsubstituted 
lactam (162) with the appropriate alkyl iodide as above 
(see 7.1.(29)). All the lactams were isolated as oils: 
1-methyl benzazepin-2-one 58 ( 63a), (see 7 .1. (18)); 
l-ethylbenzazepin-2-one101 (63g), v (Neat) 1660 
max 
-1 cm 
(CONR); oH (90MHz; CDC13 ) 1.15 (3H, t, J7Hz, CH3 ), 2.05-
2.50 (4H, m, 2 x CH2 ), 2.75 (2H, t, J6Hz, 5-CH2 ), 3.95 (2H, 
q, J4Hz, NCH2 ), 7.15-7.40 (4H, m, aromatic); 
1-butylbenzazepin-2-one (63b), (see 7.1.(20)); 
1-benzyl benzazepin-2-one 97 ( 63c), (see 7 .1. (22)); 
1-ipropylbenzazepin-2-one (63h), v (Neat) 
max 1660 
(CONR); oH (90MHz; CDC13 ) 1.10 (3H, d, J6Hz, 
-1 cm 
d, J6Hz, CH 3 ), 2.00-3.00 (6H, m, 3 x CH2 ), 4.85 (lH, septet, 
J6Hz, NCH), 7.15-7.40 (4H, m, aromatic); Accurate Mass 
[Found: m/z 203.1308 (M+., 11.85%) c13H17NO requires M+. 
20).1310 1. 
APPENDIX I - 13C nmr data of certain ketones prepared. 
Carbon Atom Number 
COMPOUND 1 2 3 3a 4 4a 5 6 
(106) 47.35 211.96 37.07 27.99 136.90 127.06 126.68 
(110) 209.18 41.93 34.94 157.47 127.39 134.71 126.62 
(128) 209.23 46.20 40.23 151.99 127.66 135.10 126.78 
(138) 210.27 48.49 40.24 152.37 128.78 135.20 127.71 
(140) 57.73 41.00 196.00 119.19 128.04 116.83 
(146) 50.41 43.46 196.87 124.05 127.44 125.53 
APPENDIX I (cont.) 13C nmr data of certain ketones prepared. 
Carbon Atom Number 
COMPOUND 7 7a 8 8a 9 10 11 12 
(106) 126.07 127.50 138.05 14.05 
(110) 123.89 136.41 16.18 
(128) 124.43 135.10 20.60 51.01 200.26 
(138) 124.27 135.81 23.84 37.29 20.94 17.44 119.46 
(140) 135.10 113.17 152.43 38.93 12.30 
(146) 134.00 123.07 144.17 12.96 169.70 23.18 
APPENDIX II 13 C nmr data of tricyc1ic imines. 
Carbon Atom Number 
COMPOUND 1 2 3 3a 4 4a 5 5a 6 6a 
(91) 50.41 19.19 35.15 33.57 36.96 25.26 138.21 
(99) 50.30 19.24 35.15 33.57 37.07 25.70 140.02 
(107) 33.62 19.63 49.15 173.86 34.17 31.60 135.04 
(111) 48.44 18.64 31.33 40.89 45.60 145.59 127.17 
(116) 57.52 39.80 47.35 35.54 26.57 139.58 126.29 
(123) 30.23 57.73 181.40 38.93 26.24 134.17 126.89 
(126) 64.73 38.65 56.42 42.26 151.93 127.39 131.27 
APPENDIX II (cont.) 13 C nmr data of tricyclic imines. 
Carbon Atom Number 
COMPOUND 7 8 8a 9 9a 10 lOa 11 12 13 
(91) 126.40 129.35 126.07 128.59 134.06 168.83 21.65 
(99) 112.90 160.74 112.46 128.10 127.28 168.34 21.81 55.12 
(107) 126.07 128.59 126.07 126.78 145.70 38.65 29.74 
(111) 130.83 125.86 122.30 139.03 177.90 25.20 
(116) 129.52 126.29 128.86 129.52 176.92 19.19 
(123) 128.43 126.89 126.07 145.05 52.65 26.35 
(126) 126.84 123.61 132.63 189.93 21.87 
APPENDIX III - 13C nmr data of tetracyc1ic spiro-oxaziridines and tricyc1ic nitrones. 
Carbon Atom Number 
COMPOUND 1 2 3 3a 4 4a 5 5a 6 6a 
(93) 51.88 16.46 34.39 30.84 35.38 25.42 139.41 
(94) 61.51 19.14 34.99 35.97 36.63 25.81 138.05 
(95) 47.18 16.02 30.02 31.44 35.20 25.31 138.55 
(97) 61.12 19.14 35.94 36.03 36.69 26.19 140.56 
(108) 28.65 17.55 51.61 85.89 33.95 31.16 135.59 
(112) 57.52 20.12 30.84 43.41 46.14 144.23 127.61 
(117) 53.80 32.31 38.98 35.76 25.64 139.30 126.57 
(124) 28.43 54.07 92.73 35.81 23.46 134.28 126 .• 68 
APPENDIX III (cont.) - 13 C nmr data of tetracyc1ic spiro-oxaziridines and tricyclic nitrones. 
Carbon Atom Number 
COMPOUND 7 8 8a 9 9a 10 lOa 11 12 13 
(93) 127.55 128.59 126.51 127.82 134.49 80.75 22.69 
( 94) 128.64 130.23 125.58 129.57 127.99 146.58 22.91 
( 9 5) 126.78 128.92 126.46 128.59 135.75 81.55 19.03 
(97) 113.39 160.24 111.42 132.42 120.85 146.51 22.96 55.16 
(108) 126.57 128.59 126.07 126.66 144.44 37.18 28.27 
(112) 131.10 127.23 125.14 133.13 153.41 26.08 
(117) 129.08 126.29 128.37 129.90 90.59 18.59 
(124) 128.59 126.40 127.22 142.31 44.83 25.97 
APPENDIX IV - 13 C nmr data of tricyc1ic 1actams. 
Carbon Atom Number 
COMPOUND 1 2 3 4 4a 5 5a 6 6a 7 
(88a) 44.18 21.70 48.44 168.94 136.63 126.95 128.26 
(100) 44.01 21.70 48.38 168.83 129.14 130.78 111.86 
(104) 44.30 20.06 48.22 173.34 35.70 30.89 
(109) 40.73 21.49 44-45 162.70 129.63 127.93 127.00 
(115) 33.46 44.28 168.94 134.93 129.30 126.89 131.04 
(122) 32.09 43.46 171.73 34.55 29.03 137.39 126.95 
APPENDIX IV (cont.) 13 C nmr data of tricyc1ic 1actams. 
Carbon Atom Number 
COMPOUND 7a 8 8a 9 9a 10 lOa lOb 11 lla 1lb 12 
' (88a) 130.78 128.86 138.87 31.49 44.39 61.35 29.85 
(100) 161.50 113.83 141.05 31.82 44.34 61.40 29.74 
(104) 137.61 126.73 130.72 126.62 128.21 143.68 66.48 31.00 
(109) 131.65 127.61 136.95 41.82 61.18 23.51 
(115) 128.81 139.69 31.93 43.03 67.74 28.79 
(122) 130.23 124.43 127.61 144.12 71.62 30.12 
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